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On  the  Trihual  Oovemment  of  the  Rttder  Nations,     By 

Louis  K.  Daa,  of  Christiania. 

The  object  of  the  following  remarks  is  twofold. 

1.  Certain  facts  connected  with  the  tribual  organization  of 
the  ruder  varieties  of  mankind  will  be  shown  to  be  much  more 
general  than  is  usually  supposed. 

2.  Certain  inferences  will  be  drawn  from  their  existence 
explanatory  of  some  of  the  more  remarkable  phenomena  con- 
nected with  the  great  diversity  of  language  and  tribe  within 
the  narrow  limits  of  a  small  population. 

The  system  under  notice  is,  perhaps,  found  at  its  maanmum 
amongst  the  North  American  Indians;  amongst  whom  we 
find— 

FiraU  The  division  into  tribes  or  clans. 

Secondly,  The  habit  of  each  tribe  having  a  sort  of  armorial 
bearing  called  the  Totem. 

Thirdly^  The  regulation  that  no  man  shall  marry  within 
his  own  clan,  i.e.  with  a  female  of  the  same  totem. 

It  is  sufficiently  obvious,  that  in  these  three  facts  we  have 
elements  of  no  small  importance  in  the  natural  history  of  the 
savage  state. 

The  form  which  these  institutions  take  in  America  is  shown 
by  the  following  extract  from  Gallatin,  in  his  Synopsis  of 
the  Indian  Tribes.     The  italics  are  the  present  writer's. 

"  They  will  hardly  submit  to  any  restraints  ;  and  it  is  well 
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/.  :  :  .ip9VQ-*k?t  tfiQ-jioifliDal  title  of  chief  confers  but  little  power, 
••*••••  eitK^rlnAfsrWpeafte,  on  their  leader,  whose  precarious  autho- 
rity depends  almost  entirely  on  their  personal  talents  and 
energy.  Yet  we  find  the  nominal  dignity  of  Chief,  Sachem, 
Mingo,  or  King,  to  have  been,  with  but  few  exceptions,  amongst 
all  the  Indians,  not  only  for  life,  but  hereditary.  But  another 
institution,  belonging  to  all  the  southern,  and  of  which  traces 
may  be  found  amongst  the  northern  nations,  deserves  parti- 
cular consideration. 

"  Independent  of  political  or  geographical  position,  the  divi- 
sion  into  families  or  clans  has  been  established  from  time  im- 
memorial ;  but  at  what  time,  and  in  what  manner,  the  division 
was  first  made,  is  not  known.  At  present,  or  till  very  lately, 
every  nation  was  divided  into  a  number  of  clans,  varying  in 
the  several  nations  from  three  to  eight  or  ten,  the  members  of 
which  were  respectively  dispersed  indiscriminately  throughout 
the  whole  nation.  It  has  been  fully  ascertained,  that  the  in- 
violable regulations  by  which  those  clans  were  perpetuated 
amongst  the  southern  nations  were,  first,  that  no  man  should 
marry  in  his  own  clan  ;  secondly ^  that  every  child  belongs 
to  his  or  her  m4)ther*s  clan.  Among  the  Choctaws  there  are 
two  great  divisions,  each  of  which  is  subdivided  into  four 
clans ;  and  no  man  can  marry  in  any  of  the  four  divisions 
belonging  to  his  division.  The  restriction  amongst  the  Che- 
rokees,  the  Creeks,  and  the  Natches,  does  not  extend  beyond 
the  clan  to  which  the  man  belongs. 

"  There  are  sufficient  proofs  that  this  division  into  clans, 
commonly  called  tribes,  exists  amongst  almost  all  the  other 
Indian  nations.  But  it  is  not  so  clear  that  they  are  subject 
to  the  same  regulations  which  prevail  among  the  southern 
Indians.'^ 

Having  produced  the  testimonies  of  Charlevoix,  Johnston, 
and  Heckewelder,  for  the  tribual  divisions  of  the  Algonkin  and 
Iroquois  nations,  he  continues  :  '^  Whether  the  Totem^  or 
family  name  of  the  Chippeways,  descends  in  a  regular  manner, 
or  is  arbitrarily  imposed  by  the  father,  has  not  been  clearly 
explained.  But  Dr  James  informs  us,  that  no  man  is  allowed 
to  change  his  Totem, ;  that  it  descends  to  all  the  children  a 
man  may  have ;  and  that  the  restraint  upon  intermarriage. 
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which  it  imposes,  is  scrupulously  regarded.  They  profess  to 
consider  it  highly  criminal  for  a  man  to  marry  a  woman  whose 
Totem  is  the  same  as  his  own  ;  and  they  relate  instances  where 
young  men,  for  a  violation  of  this  ruloi  have  been  put  to  death 
by  their  own  nearest  relations."  (Tanner's  Narrative,  p.  313.) 
But  the  Chippeways  and  kindred  tribes  are  in  this  manner 
much  more  subdivided  than  the  other  Indians  into  clans.  Dr 
James  gives  a  catalogue  of  eighteen  Totems,  and  says  that 
many  more  might  be  enumerated. 

'*  The  most  direct  testimony  we  have  of  the  similarity  of 
the  institution  amongst  the  northern  and  southern  Indians  is 
that  of  Loskiel,  in  his  history  of  the  Moravian  Mission  (Part 
i.  ch.  V.)  '  The  I>elawares  and  Iroquois  never  marry  near 
relations.  According  to  their  own  account,  the  Indian  nations 
were  divided  into  tribes  for  no  other  purpose  than  that  no  one 
might  ever,  either  through  temptation  or  mistake,  marry  a 
near  relation,  which  at  present  is  scarcely  possible,  for  who- 
ever intends  to  marry  must  take  a  person  of  a  different  tribe.' 

**  That  a  similar  division  existed  amongst  the  Sioux  tribes 
had  escaped  former  observers.  But  Dr  Shaw,  who  resided 
several  weeks  amongst  the  Omahaws,  informs  us,  that  they 
are  divided  into  two  great  tribes,  &c.  Dr  Say  in  another 
place  says,  that  even  a  very  remote  degree  of  consanguinity 
is  an  insuperable  barrier  to  the  marriage  union." 

We  need  not  repeat  Mr  Gallatin's  observations  on  the  great 
influence  of  this  institution  in  regulating  the.wars  and  settling 
the  disputes  of  the  different  nations.  Although  his  attention 
has  been  principally  fixed  upon  the  beneficial  results  of  the 
system,  and  the  peculiar  sort  of  federal  government  it  easily 
introduces,  the  tribes  mutually  preserving  an  hereditary  rank, 
yet  he  gives  proof  that  the  general  tendency  of  this  practice 
was  far  from  promoting  tranquillity  and  peace. 

<*  The  Indians  who  cultivate  the  soil  are  perpetually  ex- 
posed to  the  attacks  of  the  wandering  tribes.  Those  of  the 
Missouri  had  also  for  enemies  the  SaiJes  and  Foxes^  who  have 
acted  too  much  in  that  quarter  the  same  part  as  the  Five  N a- 
tione  on  theirs ;  but  they  had  also  continual  quarrels,  often 
degenerating  into  actual  hostilities  between  themselves.  These 
originated  in  encroachments  on  hunting  grounds,  elopement, 
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or  carrying  off  of  women,  and  stealing  of  horses.  The  ene- 
mies  wounded  in  battle  are  killed  on  the  spot.  The  prisoners 
carried  home  are  neither  tortured  nor  put  to  death.  The 
women  are  made  slaves ;  the  men  are  considered  as  servants, 
and  generally  employed  in  taking  care  of  the  horses,  and  in 
other  menial  ofBces,  but  not  in  raising  com,  that  being  women's 
work.  The  children  are  almost  always  adopted  into  the  na- 
tion."—P.  130. 

Mr  Gastrin,  without  being  aware  of  the  existence  of  this  in- 
stitution amongst  the  Americans,  has  amply  proved  that  ex- 
actly the  same  laws  of  tribual  government  and  of  marriage 
originally  belonged  to  all  the  Finnic  nations,  and  that  they 
still  continue  in  force  amongst  the  uncultivated  tribes  of 
Siberia. 

In  his  lectures  on  Finnic  Mythology  he  especially  investi- 
gates the  origin  and  the  conjectures  that  have  been  started  as 
to  the  signification  of  the  lately  discovered  epic  of  Finland, 
the  Kalevala.  This  poem,  which  evidently  is  very  old,  or 
at  any  rate  describes  a  state  of  things  anterior  to  the  in- 
troduction of  Christianity,  and  which  continually  carries  the 
reader  into  the  misty  regions  of  witchcraft  and  Shamanism, 
has  been  held  by  its  many  patriotic  admirers  to  be  a  pro- 
found allegory,  according  to  the  example  set  by  German 
scholars  in  expounding  the  Eddas,  Vedas,  and  the  classical 
mythology.  Mr  Gastrin's  opinion  on  this  Iliad  of  the  Fins, 
which  is  unquestionably  a  very  important  historical  docu- 
ment for  the  illustration  of  their  original  manners,  as  they 
were  thought  and  embellished  by  themselves,  runs  thus,  p. 
268:— 

"  K  these  songs  are  considered  without  prejudice,  every- 
body must,  without  doubt,  be  brought  to  the  conviction  that 
they,  at  least  for  the  greater  part,  rest  upon  an  historical 
foundation.  This  circumstance  may  be  proved  of  all  those 
cantos  that  describe  the  travels  of  courtship  of  the  three  heroes 
Wdinaynoinen,  Ilmarinen,  2kniLemminkdinen,  and  to  this  class 
belong  most  of  those  that  are  found  in  the  Kalevala.  The 
contents  of  by  far  the  greater  number  of  the  heroic  ballads 
that  still  exist  among  our  remoter  and  nearer  tribual  relations, 
the  Ostjaksi  the  Samor/edes,  the  Tartars,  are  all  similar. 
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These  nations  also  preserve  certain  manners  and  institutions, 
which  clearly  illustrate  the  origin  and  signification  of  all  such 
songs.    One  of  these  institutions  is,  that  eyery  nation  is  di- 
vided into  a  greater  or  smaller  number  of  clans,  who  always 
stick  closely  together,  but  live  in  the  strictest  seclusion  from 
other  clans  not  related  to  them.    Formerly,  the  relation  be- 
tween the  several  clans  was  very  hostile,  and  they  made  pre- 
datory expeditions  against  each  other.    Even  in  later  days, 
it  has  cost  the  Russian  government  a  great  deal  of  trouble  to 
keep  the  savage  tribes  in  awe,  and  to  stop  their  mutual  hos* 
tilities.    At  present,  it  is  certainly  not  said  that  they  commit 
the  more  flagrant  acts  of  violence,  yet  the  old  hatred  is  not 
quite  extinct,  but  shows  itself  in  some  way  or  other,  and 
prevents  the  different  clans  from  entering  into  any  closer  con- 
tact with  each  other.     Only  when  a  matrimonial  alliance  is  to 
be  concluded,  they  must,  with  or  without  their  will,  enter  into 
reconciliation,  because,  from  time  immemorial,  the  law  is  still 
preserved,  that  no  matrimony  can  be  concluded  in  the  same 
clan  ;  but  it  is  a  general  tradition  that  every  young  man  must, 
with  certain  exceptions,  seek  for  his  bride  in  a  strange  clan. 
Even  now,  she  is  not  to  be  obtained  except  for  a  considerable 
bridal  price,  which  must  be  paid  from  the  bridegroom  to  her  pa- 
rents or  tutors.  Formerly,  this  price  was  probably  still  greater, 
on  account  of  the  violent  hostility  that  existed  between  the 
clans ;  and  it  seems  even  that  the  hand  of  the  maiden,  because 
of  this  enmity,  was  sometimes  not  to  be  had  at  any  price. 
The  great  difficulties  which  then  lay  in  the  way  of  matrimonial 
alliances,  often  tempted  the  young  man  to  conquer  the  hand 
of  the  maiden  by  the  strength  of  his  own  valour, — a  custom 
that  is  not  yet  quite  out  of  use  among  the  savage  or  half  sa- 
vage nations  of  Siberia.     It  is  exactly  this  subject  that  is 
treated  in  most  of  the  heroic  ballads  of  these  nations,  and  the 
greater  part  of  the  cantos  of  the  Kalevala  are  of  the  same 
import.  Thus  it  is  sung  in  one  of  these  Runes^  how  the  brave 
LemminJcdinen  violently  obtained  the  beautiful  maiden  of 
Saari,  Kylliki,    In  another  canto,  the  younger  daughter  of 
Pohjola  is  carried  off  by  Ilmarinen^^'  &c.  Ac. 

"  There  are  also  found  in  the  Kalevala  several  other  proofs 
that  a  courtship  by  the   ancient  Fins  was  connected  with 
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great  expense  and  many  adventures.  The  reason  can- 
not have  been  any  other  than  that  this  custom  also  pre- 
vailed among  our  ancestors  (the  Fins  of  the  Grand  Buchy  of 
Finland),  never  to  take  a  wife  from  your  own,  but  always 
from  a  strange  clan,  to  which  you  generally  stood  in  an  ini- 
mical relation." 

In  Casti'Me  Reise-Erinnerungen  aus  den  Jdhren  1838- 
44,  further  accounts  are  given  of  the  effects  and  the  pre- 
valence of  this  custom,  p.  278  "  The  husband,  among  the 
Zyrjanes^  lays  upon  the  shoulders  of  his  wife  every  thing  that 
he  ought  to  carry  himself,  and  treats  his  consort  like  a  slave. 
The  small  consideration  of  the  Zyrjanes  for  women  is  also 
shown  in  the  mutual  relation  in  which  the  bridegroom  and  the 
bride,  even  at  the  nuptials,  entertain  to  each  other.  Here  the 
bride  must,  in  the  presence  of  all  the  guests,  sing  a  song,  in 
which  she  asks  the  bridegroom,  with  tears  and  bows,  to  feel 
compassion  with  her  defenceless  position,  and  consider  her 
as  his  legitimate  wife.  Of  course  it  is  thereby  expressed 
that  she  is  to  consider  herself  as  a  humble  servant.  For 
the  same  reason,  the  bride  must,  after  the  wedding,  undress 
her  consort.  In  a  Zyrjane^s  marriage,  also,  other  customs  are 
practised  that  show  the  oppression  and  deep  degradation  of 
woman.  Instead  of  them  I  will  give  some  of  the  songs  that 
are  sung  by  the  bride  and  her  maids  at  the  nuptials." 

These  poems,  which  are  translated  by  Mr  Gastrin,  de- 
scribe, in  forcible  language,  and  with  no  small  amount  of 
poetical  naivete,  the  bride's  feelings  of  misery  on  quitting  a 
free  life  among  loving  parents  for  the  drudgery  and  abject  po- 
sition in  a  strange  house,  her  doleful  lamentations  being  such 
as  might,  with  the  greatest  propriety,  be  employed  by  a  person 
that  is  sold  or  carried  off*  into  actual  slavery.  She  even  up- 
braids her  brothers  that  they  did  not  defend  her  from  this  mis- 
fortune, and  asks  her  parents  if  she  has  deserved  it  by  any 
act  of  disobedience  to  them. 

And  yet  the  Zyrjanea,  being  converted  to  Christianity, 
living  in  Europe,  and  interspersed  with  Russians,  whose  habits 
and  way  of  living  they  have  adopted,  must  be  considered  as  the 
Finnic  tribe  that,  next  to  the  nations  at  the  Baltic,  have  as- 
similated themselves  most  to  European  manners.     The  Zyr- 
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janes  also  treat  their  northern  neighbours,  the  Samoyedes,  as 
savages,  and  successfully  encroach  upon  them  by  the  superi- 
ority of  their  half  civilization. 

P.  286. — **  Like  the  Samoyedes,  the  Ostjaks  are  divided 
into  a  great  number  of  small  clans,  each  of  which  forms  a 
small  state,  or  rather  a  large  family.  Among  the  Ostjaks 
who  have  adopted  Christianity,  this  division  has  already 
ceased,  because  they  are  governed  by  Russian  magistrates, 
and  acccHrding  to  Russian  laws.  Only  the  Obdorskian  Ostjaks 
still  keep  up  this  patriarchal  institution  which  preserves  the 
people  in  concord  and  peace,  keeps  up  morality,  and  pre- 
vents many  crimes.  The  power  which,  in  such  a  commu- 
nity, conducts  to  virtue,  is  the  love  of  the  whole  clan. 
Every  clan  consists  of  a  number  of  families,  who  have  a  com* 
mon  origin,  and  consider  themselves  as  mutually  more  or  less 
related.  There  are  among  the  Ostjaks,  and  especially  among 
the  Samoyedes,  such  clans  consisting  of  several  hundreds,'Or 
even  thousands  of  individuals,  among  whom  the  majority  is 
no  longer  able  to  prove  their  original  relation ;  yet  they  consider 
themselves  as  kindred,  enter  into  no  marriages  with  each  other, 
and  consider  it  a  duty  to  render  mutual  assistance.  Gene- 
rally those  families  which  are  of  the  same  clan  keep  close 
together  on  their  nomadic  expeditions ;  and  a  common  prac- 
tice obtains,  that  in  such  a  community  of  families,  the  rich  is 
to  divide  his  property  with  the  poor.  It  is  evident  that  in  a 
society  thus  constituted,  disputes  must  be  of  rare  occurrence. 
Yet  every  clan  has  its  elder,  whose  duty  it  is  to  preserve  order 
and  harmony  in  the  clan.  If  two  persons  belonging  to  the 
same  clan  get  into  a  quarrel  that  cannot  be  settled  amicably, 
the  case  is  brought  before  the  elder,  who  directly  gives  his 
judgment  without  any  legal  formality*  With  this  result  the 
parties  are  generally  satisfied  ;  if  not,  the  case  may  be  brought 
up  to  the  Appellate  Court,  that  is  the  Prince.  A  number  of 
clans,  living  near  together,  from  time  immemorial  acknow- 
ledge a  common  chief,  who  has  the  title  of  a  prince.  The 
principal  duty  of  the  prince  is  to  preserve  harmony  among  the 
different  clans,  and  to  settle  the  disputes  arising  amongst  in- 
dividuals of  different  clans  about  their  grounds  of  pasture, 
fishing,  hunting,  &c.     The  elders  are  subordinate  to  him." 
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P.  297. — "  As  among  tlie  Samoyedes,  so  among  the  Ost- 
jaks,  the  wife  is  a  servant  in  the  strictest  signification  of  the 
word.  Yet  this  is  not  enough ;  she  is  also  considered  as  an 
unclean  being,  and  lives  in  the  deepest  degradation.  Her 
wishes,  if  she  dare  to  have  such,  are  never  expressed  when  her 
heart  is  given  away  to  the  highest  bidder  by  her  father,  her 
brother,  or  any  other  relative.  She  is  treated  as  an  article  of 
trade.  To  be  sure  she  is  not  offered  for  sale  at  markets,  yet  it 
is  the  highest  bidding  that  settles  her  future  fate.  The  price 
of  a  young  girl  is  different  in  different  districts*  In  Obdorsk 
the  daughter  of  a  rich  man  is  sold  for  fifty  or  a  hundred  rein- 
deer; a  poor  man  sells  his  child  for  twenty  or  twenty-five 
reindeer.  The  cause  why  the  daughter  of  the  rich  man  is 
more  valuable  than  that  of  the  poor  one  is  said  to  be  that  the 
future  husband  expects  to  receive  assistance  and  support  from 
his  father-in-law,  not  to  mention  the  greater  marriage-portion 
which  the  daughter  receives  immediately.  Yet  the  bridal 
price  is  not  considered  as  a  deposit  that  is  afterwards  to  be  re- 
turned, but  in  fact  as  a  payment  for  received  goods.  Nothing 
is  more  just,  according  to  the  ideas  of  the  Ostjaks,  than  that 
the  father  or  guardian  of  the  girl  should  receive  such  payment. 
The  daughters  are  given  away  at  an  age  when  they  are  fit  for 
work,  and  only  to  a  complete  stranger.  But  how  could  the 
unknown  stranger  expect  that  anybody  should  bring  up  and 
support  a  woman  that  is  to  be  for  her  whole  life  afterwards 
his  slave  or  servant  ?  The  father  might  retain  the  daughter 
in  his  own  house,  and  then  she  might,  by  the  work  of  her  ma- 
ture years,  repay  the  costs  of  her  childhood.  In  case  of  the 
death  of  the  bride  before  the  marriage  is  consummated,  the 
bridal  price  is  paid  back,  or  the  bridegroom  receives  another 
daughter.     Polygamy  is  allowed,  but  of  rare  occurrence. 

^'  The  low  state  of  women  among  the  Ostjaks  and  other  sa^ 
vage  nations  of  Siberia  shows  itself  also  in  this,  that  a  woman 
never  receives  an  inheritance.  The  husband  inherits  nothing 
by  his  wife,  and  the  widow  receives  nothing  after  the  death  of 
her  husband." 

Again,  the  Votjaks  in  Russia  still  keep  up  this  clannish  sys- 
tem tolerably  perfect.  (Latham  (from  Miiller),  Native  Races 
of  Rtisriat  p.  55.) 
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It  is  evident  that  this  division  into  clans,  and  the  singular 
law  of  marriage  connected  with  it,  must  exert  such  an  influ- 
ence upon  the  whole  state  of  a  savage  community  that  it  de- 
serves to  be  regarded  as  a  fundamental  law.  Whether  this 
enactment  be  a  result  of  a  certain  state  of  manners,  or  is  to 
be  considered  as  the  cause  that  has  produced  them,  may  be 
doubtful,  as  is  the  case  with  all  investigations  into  human  ac- 
tions and  opinions.  At  any  rate,  the  effects  of  these  institu- 
tions must  be  most  powerful  in  keeping  up  and  preserving 
every  peculiarity  which  the  savage  appreciates  as  a  benefit, 
or  makes  his  boast  and  glory.  It  explains  circumstances 
which  have  appeared  incomprehensible  to  those  observers 
who  have  merely  compared  them  with  the  opinions  of  civilized 
nations. 

1.  It  is  evident  that,  according  to  this  state  of  things,  the 
drudgery  and  the  slavery  of  married  women  among  the  sa- 
vages of  Siberia  and  North  America  is  as  natural,  and  as 
strictly  legal,  as  the  slavery  of  the  negroes  in  the  plantations 
of  the  same  western  continent:  the  wife  of  the  free  savage  is 
a  chattel  quite  as  much  as  the  negro  of  the  independent 
democrat;  they  are  both  either  bought  at  a  fair  price  or 
made  prisoners  in  war.  She  is  a  stranger  in  the  house  where 
she  serves,  as  well  as  the  black  man  is  among  the  whites. 

2.  Both  Gastrin  and  Gallatin  admit,  although  not  without 
self-contradictions,  that  these  enactments  must  be  an  ever- 
lasting cause  of  war  and  hostilities  amongst  the  tribes  and 
clans.  The  young  warrior  of  course  considers  it  much  more 
chivalrous  to  take  a  bride  by  force  than  to  buy  her  as  a  chat- 
tel. The  old  father  has  lost  the  recollection  of  the-  code  of 
honour  according  to  which  he  perhaps  acted  himself  when  he 
was  young.  Hence  the  abduction  is  taken  up  as  an  insult,  that 
is  to  be  avenged  by  murder,  pillage,  and  burning,  and  for  these 
acts,  again,  there  is  to  be  had  retaliation  (the  exact  numbers, 
in  making  up  every  account,  always  being  neglected). 

3.  These  wars  of  course  will  lead  to  an  endless  transforma- 
tion of  clans  into  tribes,  and  of  tribes  into  nations,  or  rather 
to  an  expansion  or  multiplication  of  the  several  communities, 
on  the  same  principle  as  when  bees  separate  from  the  common 
hive.      If  a  nation  consist  of  a  certain   number  of  tribes. 
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it  is  possible  that  one  of  these  may,  by  repeated  injuries 
of  this  kind,  be  driven  to  secede  from  the  community.  Thus 
the  Assiniboins  seceded  from  the  Dakotas.  They  received  the 
nickname  Hoha  (rebels)  in  commemoration  of  the  event  (Gall. 
Synopsis,  p.  123).  Another  clan  may  be  expelled  by  its  bro* 
ther  tribes.  In  a  distant  district  these  exiles  must  establish 
their  community  according  to  the  sacred  principle,  by  subdi- 
viding their  nation  into  tribes,  or  raising  its  clans  into  the 
order  of  tribes,  and  forming  fresh  clans  out  of  their  smaller 
families. 

The  action  of  this  principle,  then,  will  tend  continually  to 
diminish  the  aggregate  number  of  individuals,  or  to  keep  down 
population,  at  the  same  time  increasing  those  rather  genealo^ 
gical  than  political  divisions  into  which  the  savages  are  sepa- 
rated or  split  up. 

Thus  we  see  that  the  endless  subdivision  of  the  Americans 
into  separate  nations,  with  di£ferent  languages  or  dialects,  is 
not  confined  to  mountainous  parts  and  secluded  valleys,  where 
local  circumstances  produce  a  stoppage  of  communication  with 
neighbours,  and  thus  create  a  natural  diversity  of  habits, 
and,  in  the  course  of  generations,  also  of  language.  In  Ame- 
rica the  diversity  of  speech  is  quite  as  great,  and  the  tribes 
almost  as  small,  on  the  open  prairies  and  along  the  navigable 
rivers.  In  such  localities  {e.g*,  in  the  broad  valley  of  the  Mis- 
sissippi) the  breaking  up  of  clans  and  tribes  must  be  a  result  of 
social  causes.  The  ways  in  which  the  diversity  has  been  pro- 
duced must  be  the  reverse  of  those  means  that  have  been  em- 
ployed in  the  Old  World  by  founders  of  the  great  empires,  and 
by  the  proselytizing  religions,  which  have  tended  to  make  one 
nationality,  and  a  single  language,  prevalent  over  an  immense 
area.  These  mighty  and  civilized  communities  have  been 
formed  by  amalgamating  all  the  members  of  the  society  into 
one  family  or  clan,  and  by  the  keeping  up  a  continual  peace- 
ful communication  between  them.  In  the  life  of  a  savage  there 
never  were  introduced  any  such  general  ideas  as  could  connect 
and  combine,  while  the  contrary  process  of  dispersing  was  going 
on  continually. 

This  subdivision  into  endless  varieties  of  language  is  not 
peculiar  to  America,  but  obtains  quite  as  much  among  those 
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Finnic  tribes  in  the  Old  World  who  preserved  the  same  insti- 
tutions. 

The  Samoyedes  differ  so  much  in  language  from  all  their 
neighbours,  that  thej  have,  in  Eiaproth's  Aeia  Folyglottatheen 
considered  as  a  peculiar  subdivision  of  the  human  race.  Gas* 
tren's  great  discovery  that  they  are  a  Finnic  tribe  of  course  is 
not  to  be  understood  thus,  that  their  language  should  be  com- 
prehensible to  any  other  population  of  Fins.  The  difference  is 
more  remote  perhaps  than  between  English  and  German. 

These  very  Samoyedes  are  subdivided  into  five  dialects,  which 
are  described  in  Gastrin's  Grammar.  They  are  so  very  dif- 
ferent in  words,  terminations,  and  pronunciation  of  letters  as 
to  form  in  fact  five  languages,  not  easily  intelligible  to  the 
brother  tribes  who  speak  them.  Each  of  their  principal  dia- 
lects, again,  is  subdivided  into  several  minor  discrepancies. 
Yet  all  these  Samoyedes  are  only  a  very  small  number  of  wan- 
derers in  their  immense  deserts. 

But  the  same  observation  is  made  by  observers  of  the  man- 
ners of  the  Fins  who  are  settled  as  agriculturists  in  fertile 
open  countries,  centuries  after  their  conversion  to  Ghristianity, 
and  after  they  have  been  for  ages  subjected  to  the  rule  of  a 
strong  foreign  government,  that  kept  all  their  clans  in  peace, 
and  promoted  the  habits  of  trade  and  travelling. 

The  Estonians,  in  Estonia  and  Livonia,  are  a  Finnic  nation, 
numbering  about  630,000  individuals,  and  have  existed  under 
such  altered  circumstances  for  about  six  centuries.  Their 
country  is,  as  a  sea-border,  even  more  easily  accessible  than 
the  surrounding  Russian  territories,  which  are  noted  for  the 
uniformity  of  their  population.  About  the  language  of  these 
*'  Estonians"  there  is  an  article  by  a  native  of  the  country, 
Julius  Altmann  (Erman's  Archivfur  Wissenchaftliche  Kunde 
von  Rusland,  vol.  xiv.)  According  to  this  author  •*  the  Es- 
tonian language  is  divided  into  two  principal  dialects,  the 
Dorpatian  and  the  Revalian  :  both  are  again  equally  sub- 
divided into  many  sub-dialects  or  kirchspielismen  (parish 
dialects).  The  harsh  enmity  that  exists  between  the  Esto- 
nians and  their  neighbours  the  Lets,  who  have  a  completely 
different  language  and  origin,  also  often  prevails  in  adjoining 
circles  and  parishes  in  Estonia  itself.     It  is  subdivided  into 
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innumerable  communities  and  localities  that  do  not  admit  of 
anj  friendly  intercourse  or  amalgamation,  as  if  with  the  desire 
of  preventing  communication  by  the  destruction  of  the  unity 
of  language.  There  are  in  Estonia  closely  adjoining  districts 
where  idioms  are  spoken  that  make  the  mutual  understanding, 
if  not  impossible,  yet  exceedingly  difficult.  What  trouble  did 
it  not  cost  me  to  understand  the  dialect  of  Allatzkiwoi,  and 
when  I  had  succeeded  in  mastering  it,  how  difficult  were  not 
then  the  dialects  of  the  adjoining  Tornea  and  Dorpat,  and  how 
hard  to  investigate  the  mode  of  speech  in  Haanhof,  Rauge^  and 
Fellin  i  The  causes  that  have  occasioned  this  intentional  isola- 
tion and  breaking  up  of  languages  and  communities  among  the 
Estonians  must  be  deeply  hidden  in  the  darkness  of  remote  cen- 
turies. Yet  they  must  always  prevent  the  Estonians  from  enjoy- 
ing even  the  dawning  of  a  common  literature  and  nationality." 
Gastrin's  and  Gallatin's  observations  about  the  clannish  in- 
stitutions formerly  prevailing  among  the  petty  nations  of  the 
North  of  America,  Asia,  and  Europe,  seem,  however,  quite 
sufficient  to  explain  any  amount  of  diversity  and  enmity  be- 
tween the  closest  neighbours. 

4.  The  singular  phenomenon  that  has  puzzled  all  travellers 
and  grammarians,  who  have  described  the  language  of  the  Ame- 
rican Indians,  that  women  and  men  had  different  words  for  many 
objects,  and  pronounce  certain  letters  of  the  whole  language 
in  a  different  way  (Fabricius  tells  us,  that  the  females  in  Green- 
land pronounce  k  in  the  end  of  words,  as  ng^  and  t  as  n)  is 
easily  accounted  for,  the  two  sexes  belonging,  in  fact,  to  two 
different  clans. 

5.  No  law  amongst  men  was  ever  introduced  that  con- 
tained an  unmixed  evil  to  all  those  that  were  subject  to  its 
influence,  or  which  did  not  favour  the  interests  of  anybody. 
That  the  continual  warfare  of  savages  tends  eminently  to 
keep  down  their  numbers,  has  been  amply  proved  by  Malthus 
in. his  treatise  on  population.  That  it  is  conducive  to  the 
welfare  of  a  nation,  subsisting  merely  on  the  natural  produc- 
tions of  the  land,  that  its  numbers  should  not  exceed  their 
means  of  subsistence  is  philosophically  evident  enough.  Yet 
it  is  hardly  to  be  credited,  that  a  deliberate  system  should  be 
adopted  by  savages  over  a  great  part  of  the  world,  that  had 
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no  other  object  than  to  preserve  a  remote  posterity  from  star- 
vation. This  might  be  prevented  quite  as  effectually,  and  in 
a  much  more  patriotic  way,  by  murdering  their  neighbours, 
than  by  putting  obstacles  in  the  way  of  the  multiplication  of 
the  tribe  itself.  The  plausible  reason,  that  made  this  law 
appear  as  divine  wisdom  to  the  untutored  ancestors  of  man- 
kind, must  have  been  its  tendency  to  prevent  a  more  imme- 
diate and  personal  evil,  or  to  introduce  a  benefit  nearer  to  the 
interests  of  everybody. 

This  will  be  found,  if  we  consider  that  the  children  of 
the  tribe  are  brought  up  naked,  and  that  they  continue, 
in  most  instances,  to  spend  their  whole  lives  in  circum- 
stances that  would  facilitate  the  utmost  licentiousness  amongst 
the  sexes.  Many  families  often  sleep  together  in  the  same 
room,  or  live  close  together  in  the  same  village.  To  this  early 
development  of  vice,  there  was  put  an  effectual  stop,  when  all 
the  young  people  in  the  clan  were  to  consider  themselves  as 
brothers  and  sisters,  between  whom  every  improper  conversa- 
tion was  regarded  as  incestuous,  and  punished  with  death.  If 
the  married  females  further  were  regarded  as  a  property,  be- 
longing to  the  husband,  of  course  their  chastity  also  was  kept 
under  the  control  of  individual  dominion  or  tyranny,  power- 
fully assisted  by  religious  fear. 

Thus,  it  may  be  admitted,  as  Gastrin  and  Oallatin  remark, 
that  the  clannish  institution  preserves  savage  society  from  one 
vice,  dearly  purchased  at  the  price  of  many.  It  has  also  been 
observed  by  several  travellers,  that  the  manners  of  the  Indians 
on  the  opposite  side  of  the  Rocky  Mountains,  are  completely 
contrary.  The  accounts  that  have  now  been  quoted  refer  to  the 
hunting  tribes  along  the  Atlantic  coast,  and  in  the  valley  of  the 
Mississippi.  Concerning  the  Indians  on  the  coast  of  the  Pa- 
cific, in  Oregon,  Vancouver  Island,  &c.,  it  is  stated  by  Hales 
{Ethnography  of  the  United  States*  Exploring  Expedition), 
that  the  distinction  of  clans  and  totems  is  quite  unknown 
among  the  Indians  of  Oregon  and  California.  These  tribes  are 
grossly  libidinous  ;  their  women  are  not  slaves,  "  but,  on  the 
contrary,  have  much  authority  and  consideration,  and  their 
work  is  in  a  manner  considered  as  their  property ;  for  instance, 
the  roots  they  dig  up  and  prepare"  (p.  207). 
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.  But  this  peculiarity  is  not  confined  to  America.  Accord- 
ing to  the  excellent  account  given  by  the  old  German  naturalist, 
Steller,  of  his  sojourn  among  the  Kamtshadales,  with  whose 
manners  he  became  intimately  acquainted,  they  were  quite  as 
bad  as  their  opposite  neighbours  in  America.  Other  Russian 
travellers  describe  the  inhabitants  of  the  Aleutian  Islands 
much  in  the  same  way. 

Thus,  we  see,  that  these  manners  are  not  instinctive  faculties, 
or  qualities  of  all  savages,  but  really  civil  institutions,  adopted 
by  some  of  them,  while  a  contrary  polity  is  the  rule  amongst 
others. 

Why  this  difference  1  Geography  will  answer,  that  the 
nations  of  the  interior  country  and  the  forest  are  hunters,  and 
that  the  last  mentioned,  on  both  the  coasts  of  the  Pacific,  are 
chiefly  fishermen.  The  difference  in  these  two  modes  of  sub- 
sistence, both  in  tempting  to  war  and  murder,  and  in  promoting 
sociable  life,  seems  to  be  great.  The  fishing  Indians  always 
are  collected  in  great  bands,  and  live  in  large  houses  or  caves, 
containing  more  families  than  one. 

Yet  this  does  not  account  for  the  whole  difference  in  morals 
and  manners.  The  Laps  in  Norwegian  Finmark  have  always 
been  divided  into  two  different  sets,  fishermen  on  the  coasts, 
living  in  fixed  habitations,  and  herdsmen  of  reindeer,  wan- 
dering on  the  mountainous  plateaux.  Yet  no  considerable 
difference  has  been  observed  in  their  morals.  Likewise,  the 
Athabascans  and  Eskimos  in  America  are  more  dependent  for 
their  subsistence  upon  the  produce  of  the  sea,  than  that  of  the 
land.  Yet  the  manners  of  these  same  Eskimos  and  Athabascans 
seem  to  approach  most  closely  to  those  of  the  hunting  tribes. 

However,  this  exception  is  not  at  all  general  on  the  Pacific 
coast.  The  Russian  missionary,  Wenjaminow,  expressly 
states  that  the  powerful  Kolosh  nation  is  divided  into  the 
Raven  and  Wolf  clan,  and  that  a  Kolosh  never  marries  a  wo- 
man of  the  same  clan  (Erman,  Archiv,,  v.  iii.,  and  ii.  p.  492). 
Mr  Marchand  also  mentions  the  Bear,  Eagle,  and  Porpoise 
clans.  (Trans.  Amer,  Eth.  Society^  vol.  ii.,  p.  149.)  This 
statement  is  corroborated  in  the  more  minute  account  of  Holm- 
berg  {Eihnogr.  Skizzen  von  Ruse,  Amerika,  Helsingfors, 
1865).     The  principal  divisions  of  the  Kolosh  (or  Thlenkith) 
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the  Raven  and  Wolf,  are  again  Bubdivided  into  more  families, 
also  named  after  animals.  Mr  Holmberg  mentions  five  of  the 
first,  and  six  of  the  second  tribe ;  and  each  of  these  again 
subdivided  into  local  divisions. 

This  system  would  eminently  facilitate  the  formation  of 
new  nations  out  of  the  old,  without  disturbing  the  clannish 
principle  in  any  way. 

The  institution  of  tribes  and  clans  yet  exists  among  a  great 
number  of  nations  in  every  quarter  of  the  globe,  and,  according 
to  historical  evidence,  it  was  still  more  frequent  formerly. 

In  Australia,  we  find  the  very  same  institutions  as  in  America 
and  Siberia,  viz.,  that  each  clan  has  his  kohong^  corresponding 
to  the  American  totem,  as  a  sort  of  armorial  emblem,  and  thi^t 
nobody  is  to  marry  a  woman  of  his  own  family-name  (Latham, 
Varietiee  of  Man^^,  237).  Also,  among  the  Kafires  of  Africa 
(Latham,  EihnoL  of  British  Colonies,  p.  81). 

In  the  Journal  of  the  Asiatic  Society  for  1862,  Captain 
Macpherson  states,  concerning  the  Khond^y  <^  That  intermar- 
riage between  persons  of  the  same  tribe,  however  large  or 
scattered,  is  considered  incestuous,  and  punishable  by  death.*' 

As  the  Khonds  are  a  remarkable  specimen  of  the  original 
inhabitants  of  India,  before  they  were  mixed  with  any  con- 
querors of  the  Japetian  stock,  and  as  they  have  not  been  led  to 
change  their  primitive  simple  religion  and  manners,  this  also 
proves  that  the  caste  system  is  the  result  of  conquest,  and  not 
even  in  India  the  oldest  social  form.  But  a  coincidence  still 
more  striking  is  what  Sir  John  Bowring  in  the  Aihencsum, 
17th  November  1855,  states,  '*  That  this  same  extraordinary 
law  of  intermarriage  also  is  preserved  by  the  400  millions  of 
the  Chinese  people." 

''The  strict  laws  which  prohibit  marriage  within  certain 
degrees  of  affinity  (they  do  not,  however,  interdict  it  with  a 
deceased  wife's  sister)  contribute  to  make  marriages  more 
prolific,  and  to  produce  a  healthier  race  of  children.  So  strong 
is  the  objection  to  the  marriage  of  blood  relations,  that  a  man 
and  woman  of  the  same  Sing  or  family  name  cannot  lawfully 
wed." 

We  see  here  the  American  Totem  and  Australian  Kobong 
under  the  Chinese  name  Sing.    The  efiect  is  exactly  the  same. 
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Thus  the  siypae  law  may  be  traced  from  Mexico  along  the 
whole  continent  of  North  America,  along  the  north  of  all 
Asia  and  Europe,  and  along  the  eastern  coasts  of  the  Pacific, 
through  China,  down  to  Australia  and  Africa.  The  circum- 
stance that  a  custom  which  evidently  was  adopted  in  the  dark- 
est age  of  barbarism  should  be  equally  preserved  by  the  few 
savages  that  still  continue  in  the  primaeval  simplicity  and  by 
the  millions  of  the  Chinese  empire,  having  attained  almost 
the  very  opposite  extreme  of  super-civilization,  shows,  in  a  most 
striking  manner,  the  mummy-like  preservation  of  trivial  and  ar- 
bitrary forms  and  manners  by  the  Celestials.  The  same  article 
of  Sir  John  Bowring  supplies  another  quite  as  striking  analogy. 
After  having  described  the  omnivorous  habits  of  the  Chinese, 
who  do  not  even  reject  the  most  disgusting  food,  he  continues : 
— *'  The  only  repugnance  I  have  observed  in  China  is  to  the 
use  of  milk,  an  extraordinary  prejudice,  especially  considering 
the  Tartar  influences  which  have  been  long  predominating  in 
the  land,  but  I  never  saw  or  heard  of  butter,  cream,  milk,  or 
whey,  being  introduced  at  any  native  Chinese  table.'' 

Exactly  this  same  prejudice  was  observed  among  the 
Californian  Indians  by  a  gentleman  who  had  been  for  years 
in  daily  connection  with  them,  and  it  was  related  to  me  before 
he  had  the  slightest  idea  that  it  also  was  a  peculiarity  of  the 
Chinese,  and  this  unreasonable  disgust  might  involve  an  in- 
teresting connection  dating  from  thousands  of  years. 

This  prejudice  will  seem  to  be  derived  from  the  hunting 
state,  when  the  only  milk  to  be  obtained  was  that  derived 
from  the  breast  of  woman,  which  it  might  be  considered  a  sort 
of  cannabalism  in  an  adult  person  to  taste.  It  is  also  to  be 
observed  that  the  word  for  milk  and  breast  (bosom)  seems  to 
be  the  same  in  many  Mongolian  languages. 


Brcaat, 

Samojede,             mdo,  tvao. 

MUk 

,  Samoyede,         tut. 

n 

1     1 
Lapp,                    cidze. 

>» 

1                     1 
Ceremis,         nir. 

ft 

t* 

Ostjak,         ,          esem, 
Lcsghian  (C'ari),  ehudii. 

n 

9t 

VVogul,            Myrtaiy  swrut. 
Ostjak,            tiiti,  tjuti-jink* 
,          eaem-jink. 
.  .  (Andi)  fiu. 

«t 
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a 
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ans  water. 
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Breast, 

t                        ■     1 

Tungiu  (Mancu,)e«ii^n,«ec0». 

Milk, 

Tungus  (Mam 

u),  sun. 
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1 

» 
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1 
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dOf      to. 
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f> 

Korea, 

ko,  dtami. 

Korea, 
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>» 

Chiaeee, 

I 

IN  AW  RICA. 

Ojibbeway,            totosk, 
Greenland,        dkUk,  MkUek. 

in    AUSTRALIA. 

Kowrarega,               fu<u. 

Ojibbeway, 
Caddo, 
Chocta,     . 

tofocA-ole* 
j%uhuh  chL 

Compare  the  English  teat,  German  xitze,  Norwegian  dialect  tiue. 

This  absurd  prejudice  against  the  milk  of  animals  has  then 
been  kept  up  by  the  Chinese  during  and  after  their  transition 
to  the  agricultural  state  of  society.  The  nomadic  state  they 
neyer  went  through,  and  the  breeding  of  domestic  animals  is 
even  now  the  most  neglected  part  of  Chinese  husbandry. 

A  great  distinction  between  the  manners  of  the  Celtic  na- 
tions and  the  Teutonic,  as  well  as  the  Slavonic,  seems  to  have 
consisted  in  the  paramount  importance  of  clan  or  sept,  in 
ancient  Gaul  and  the  British  Isles,  and  the  almost  total  ab- 
sence of  this  division  in  Germany,  Scandinavia,  and  Russia. 
The  influence  of  this  principle  upon  the  formation  of  large 
states,  or  die  continuation  of  a  turbulent  anarchy,  upon  the 
estimation  of  the  female  sex,  and  upon  the  development  of  a 
chivalrous  humanity,  must  here  only  be  alluded  to. 

What  has  been  remarked  may  prove  the  extreme  tenacity 
with  which  the  Mongolian  nations  preserved  the  clannish  divi- 
sion, even  after  the  formation  of  great  empires ;  after  the  de- 
velopment of  considerable  commerce ;  and  after  the  adoption 
of  religion  having  a  tendency  to  promote  a  common  feeling  of 
brotherhood. 

It  is  certain  that  the  tribus  or  fuX«y  among  the  Grseco-Boman 
population  was  a  genealogical,  and  not  a  local  institution.  Of 
course  these  divisions  were  either  clans  or  castes.  How 
they  were  preserved  separate,  although  forming  an  integral 

*  Abo  means  water. 
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part  of  the  common  state  or  confederacy,  has  not  heen  handed 
down  from  the  darkness  of  ages,  because  the  Hellenic  civili- 
zation very  soon  succeeded  in  obliterating  most  of  the  traces 
of  this  institution  of  barbarism.  Yet  the  Roman  history  has 
preserved  the  following  facts,  that  bear  upon  this  very  question. 

Between  some  tribes  or  little  nations  there  existed  eonnu- 
Uumy  so  that  their  members  might  contract  a  legitimate  mar- 
riage ;  between  others  this  connection  was  unlawful,  as  in  the 
oldest  times  between  the  Patres  and  Flebeii ;  marriages  were 
concluded  per  coemptioneniy  by  sale. 

When  Romulus  and  his  band  of  lawless  Latin  youths 
wanted  to  acquire  wives  in  a  more  chivalrous  fashion,  they 
did  not  rob  them  froA  their  own  tribe,  but  from  the  Sabines. 
This  fact  is  completely  Siberian  or  American.  But  are  we  to 
guess  there  was  a  time  when  the  practice  of  buying  or  robbing 
women  from  a  collateral  clan  was  considered  obligatory,  as  well 
as  permitted,  among  some  of  the  barbarous  tribes  in  Europe  ? 

Unheard  of  it  cannot  have  been  in  antiquity,  since  we  find 
it  preserved  even  to  this  day  by  one  nation  at  least,  viz.,  the 
Albanians  or  Arnauts,  by  whom  the  manners  of  their  barbarous 
ancestors,  the  Greek  heroes,  are  kept  up  in  all  but  the  antique 
and  pure  originality.  Among  their  manners  Hahn  {Atbane- 
sische  Stuidien,  1854)  remarks,  ''  That  being  divided  into 
many  clans,  intermarriage  is  prohibited  within  the  same  clan 
(p.  153).  The  bride  is  bought  by  the  bridegroom  at  rather  a 
high  price  "  (p.  180).  The  concomitants  that  attend  this  sys- 
tem among  the  natives  of  America  and  Siberia,  internal  wars, 
family  feuds,  hereditary  for  generations,  are  sufBciently  known 
to  flourish  to  perfection  both  among  Christian  and  Mahome- 
dan  Albanese,  quite  as  much  among  the  believers  in  a  heathen 
Shamanism  or  witchcraft.  Although  Mr  Hahn  denies  it,  it 
also  seems,  from  the  facts  he  states,  that  this  peculiar  nicety 
in  the  selection  of  wives  is  perfectly  reconcilable  with  the 
grossest  licentiousness,  or  may  perhaps  even  produce  it  by  ex- 
cluding men  from  the  society  of  women. 

The  strength  of  these  savage  principles  is  strongly  illus* 
trated  in  this  instance,  where  they  have  been  able  to  resist 
for  centuries  the  opposite  doctrines  of  two  such  powerful  re- 
ligions, the  Christian  and  the  Mahometan. 
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This  clannish  institution,  unnatural  as  it  is,  cannot  have 
preserved  its  sacred  character  and  been  kept  up  as  such  but 
mth  a  corresponding  care.  We  have  alluded  to  the  horrid 
systems  of  initiation,  and  the  peculiar  costumes  by  which  the 
different  clans  are  distinguished. 

Among  the  ways  of  dressing  the  hair  that  distinguish  the 
American  Indian  is  his  mode  of  shaving  or  cutting  -all  the 
scalp  short,  except  a  tail  left  in  the  middle,  a  practice  consi- 
derably inconvenient  in  a  variable  climate.  Yet  the  arbitrary 
practice  agrees  completely  with  the  costume  of  the  Japanese 
and  Chinese  in  Asia.  Among  the  latter,  however,  it  is  a  com- 
paratively new  absurdity,  having  been  imposed  on  the  nation 
two  hundred  years  ago  by  the  Mantchou  conquerors,  because 
it  was  their  national  or  clannish  badge. 

If  from  the  system  of  clans  among  the  Mongolians  we  pass 
over  to  the  castes  of  the  old  Japetian  nations,  we  observe  in 
India  exactly  the  contrary  law  of  marriage.  Here  every  man 
who  marries  out  of  his  caste  loses  all  his  social  privileges  de- 
rived from  it*  This  shows  that  the  castes  consider  themselves 
as  naturally  or  originally  not  only  strangers  or  enemies,  but 
also  inferior  and  superior,  as  conquerors  and  vanquished. 
The  nations  subject  to  the  totemic  system  even  in  their  im- 
placable hatred  acknowledge  the  equality  of  their  neighbours. 

We  find  social  divisions,  founded  upon  a  common  origin, 
existing  in  the  nomades  of  Arabia,  and  among  all  the 
mountainous  countries  of  Asia.  The  old  history  tells  us 
the  like  among  Jews,  Egyptians,  Greeks,  Bomans,  and  Celts. 
Which  of  these  stood  in  the  same  relation  of  barbarous  equality 
to  each  other  as  the  Mongolian  clans,  and  which  represent  su- 
perior and  inferior  grades  of  society  (castes)  based  upon  con- 
quests 1 

The  intimate  connection  of  the  clannish  institution  with  the 
law  of  intermarriage,  and  with  the  regulations  of  the  sexual 
intercourse,  is  best  shown  by  the  details  of  the  ceremonies  and 
customs  by  which  it  is  kept  up. 

The  nations,  tribes,  clans,  and  families,  are  distinguished 
by  the  totem,  or  certain  marks  representing  a  sort  of  armo- 
rial bearings.     Among  the  more  savage  and  antique  tribes 
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these  consist  not  only  in  a  peculiar  cut  of  the  dress,  the  hair, 
&;o.,  but  especially  in  the  different  patterns  of  the  tattooing, 
in  horrid  mutilations  of  the  body,  &c.  Thus  the  Kolosh  and 
Konjag  will  make  one  immense  or  perhaps  six  smaller  holes 
in  the  ears,  the  nose,  and  the  lower  lip,  and  insert  in  them 
large  pieces  of  wood,  or  the  teeth  of  animals,  that  completely 
distort  the  face. 

It  is  expressly  stated  that  these  operations  are  chiefly  per- 
formed upon  young  people  when  they  arrive  at  the  marriage- 
able state,  and  are  combined  with  long  and  cruel  supersti- 
tious ceremonies,  generally  called  initiations  (Holmberg,  p.  21). 
The  effect  of  these  practices  will  be  to  impress  upon  the  mind 
of  the  young  a  horrid  reverence  for  this  fundamental  princi- 
ple of  the  savage  society  and  the  laws  connected  with  it,  also 
to  increase  the  intimacy  of  the  relations  between  the  mem- 
bers of  the  tribe  that  are  joined  by  this  community  of  reli- 
gious suffering,  and  implant  prejudices  and  hatred  against 
those  that  are  excluded  from  the  holy  community. 

It  is  probable  that  the  origin  of  circumcision  among  the 
African  tribes  must  be  viewed  in  the  same  light,  the  more  so 
as  its  relation  to  the  intercourse  of  the  sexes  is  more  appa- 
rent. 


On  the  Animalcules  and  other  Organized  Bodies  which  give 
a  Red  Colour  to  the  Sea.  By  M.  Camille  Dareste. 
(Translated  from  Annales  des  Sciences  Naturelles.)  (Con- 
tinued from  vol.  iv.,  p.  287.) 

§  VIII.   Colourings  produced  by  Baccillaria. 

These  colorations  were  observed  by  Captain  James  Clark 
Ross,  during  his  celebrated  voyage  to  the  Antarctic  regions, 
upon  the  coast  of  the  new  lands  which  had  been  discovered  a 
year  before  by  Dumont  Durville.  Captain  Ross'  observations 
were  made  repeatedly  and  in  different  circumstances,  some 
upon  the  water  itself,  others  upon  the  ice  or  snow  ;  but  both 
appeared  produced  by  the  same  cause.  The  coloured  water 
was  observed  by  him  on  31st  December  1842,  in  lat.  64°  S., 
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and  long.  bS'  2&  W.,  30  miles  S.E.  of  the  Oalf  Mount  Erebus 
and  Terror,  in  a  locality  ^here  the  sea  was  very  deep  and 
much  frequented  by  whales.  Captain  Boss  caused  some  of 
the  mud  to  be  collected  from  a  depth  of  207  to  270  fathoms, 
and  on  his  return  to  Europe  he  sent  it  to  M.  Ehrenberg 
for  examination.  lis  colour  was  green,  and  it  contained  53 
species  of  microscopic  animals,  of  which  the  predominant  spe- 
cies were  Baccillaria,  belonging  to  the  genera  Cosdnodiscus^ 
Fragilaria,  and  Hemiaulua  (the  latter  being  a  new  genus). 
A  great  number  of  these  animals  were  still  living,  and  M. 
Ehrenberg  discovered  in  their  interior  a  kind  of  green  grains 
which  he  considered  to  be  eggs,  an  opinion  which  has  not 
yet  been  generally  adopted.  Those  who  are  engaged  in 
the  study  of  infusoria  know  perfectly  well  how,  among  these 
animals,  the  green  and  red  colour  pass  easily  the  one  into  the 
other. 

Coloured  ice  has  been  found  in  still  more  southern  lati- 
tudes. 

**  15th  February  1841,  in  lat.  76°  03',  and  long.  166^  12^  E., 
we  perceived  several  fields  of  ice;  we  changed  our  course 
soutiiwards  in  order  to  avoid  them,  and  as  we  coasted  the 
shore,  we  met  with  a  great  quantity  of  brownish-yellow  coloured 
ice.  We  collected  a  small  quantity  of  it,  and  placed  it  under 
a  powerful  microscope,  but  could  not  determine  the  true  na- 
ture of  the  colouring  matter.  Many  among  us  believed  that 
it  proceeded  from  the  fine  ash  from  Mount  Erebus,  which  was 
about  eight  miles  to  the  south.  At  11  p.m.  the  weather  was 
very  calm;  we  found,  in  sounding,  thirty-eight  fathoms,  and  we 
collected  a  greenish  clayey  mud.'* 

Similar  observations  of  coloured  ice  were  made  during  the 
same  expedition  ;  on  the  17th  February  1841,  in  lat.  76""  35"  S. 
and  long.  165°  21'  W.,  and  the  18th  December  of  the  same 
year  in  lat.  63°  50'  S.  and  long.  147°  25'  W.  Captain  Ross 
adds  that  this  coloured  matter  has  been  found  in  the  stomachs 
of  the  Beroes  and  Salpa,  very  abundant  in  these  localities. 

The  water  coming  from  below  this  ice  having  been  filtered, 
and  the  residue  sent  to  M.  Ehrenberg,  that  observer  dis- 
covered in  it  a  number  of  microscopic  animals.     The  coloured 
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matter,  as  in  the  preoeding  observation,  contained  an  abund- 
ance of  the  CoscinodisctM  and  Fragilaria,  and  among  the 
latter  some  Fragilaria  pinnulata. 

§  IX,   Colours  produced  by  Protocoecus, 

This  colouring  matter  was  observed  by  M.  De  Freycinet  and 
M.  Turrel  upon  the  coasts  of  Portugal ;  and  M.  Montague,  to 
Tvhom  a  bottle  of  the  coloured  water  was  sent,  is  satisfied 
that  it  is  produced  by  a  very  small  microscopic  alga,  which 
he  refers  to  the  genus  Protocoecus^  to  which  the  red  snow 
belongs,  and  describes  under  the  name  of  Protocoecus  at- 
lanticus, 

"  3d  June  1845,  about  2  p.m.,  the  corvette  *  la  Creole' 
was  near  the  coast  of  Portugal,  opposite  Gape  Spichel,  about 
eleven  kilometres  from  the  mouth  of  the  Tagus,  and  going 
towards  Cape  Rocca.  There  was  observed  before  the  ship  an 
isolated  colouring  in  the  water  of  the  sea,  of  a  deep  red,  vary- 
ing in  intensity  and  shade  between  brick-red  and  blood- 
red.  As  far  as  the  eye  could  reach,  the  sea  preserved  this 
tint,  although  it  was  not  uniform  throughout,  but  exhibited 
here  and  there  gradations  of  shade.  The  places  where  the 
water  was  deeper  formed  new  patches  in  the  middle  of  the 
general  colouring.  Their  extent  in  a  north  and  south  direction 
appeared  to  be  about  150  metres,  but  their  greatest  breadth, 
which  was  from  W.N.W.  to  E.S.E.,  could  not  be  attained 
with  certainty  by  M.  De  Freycinet.  That  officer,  however, 
estimated  that  the  phenomenon  passed  over  a  field  of  about  eight 
kilometres  or  six  miles.  M.  Turrel  asserts  that  he  proved  the 
presence  of  six  coloured  zones  of  400  to  500  metres  each,  and 
affirms,  moreover,  that  these  bands  were  prolonged  in  the  di- 
rection of  the  currents  produced  by  the  waters  of  the  river, 
that  is  to  say,  from  N.W.  to  S.W.,  to  an  extent  of  about  five 
kilometres.  What  the  estimate  may  be  of  the  limits  of  this 
phenomenon  can  only  be  conjectured  ;  at  half-past  3,  the  cor- 
vette got  beyond  all  intense  colour,  and  great  attention  was 
necessary,  to  observe  the  faint  rosy  tint  which  it  still  pre- 
sented." 
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§  X.   Colour  produced  by  Biphores. 

This  fsyot  was  observed  by  MM.  Quoy  and  Gaymard  during 
the  voyage  of  the  "  Uranie." 

*^  About  100  leagues  from  the  Cape  of  Good  Hope,  in  lat. 
36''  S.,  we  saw  upon  the  sea  long  zones  of  reddish-brown  colour, 
of  which  we  sometimes  could  not  ascertain  the  extent.  Some 
at  first  supposed  that  it  must  be  fish  spawn ;  but  having  crossed 
several  of  these  bands,  the  net  intended  to  collect  sea  animals 
gave  us  an  opportunity  of  recognising  that  they  were  composed 
of  myriads  of  small  Biphoree  from  two  to  three  lines  in  length, 
living  and  sailing  in  company.  Their  numbers  must  have 
been  very  great  to  reflect  a  colour  so  marked,  as  their  nucleus 
was  not  larger  than  a  grain  of  millet.  What  surprised  us 
most  was  seeing,  that,  in  spite  of  the  movement  of  the  waves, 
they  preserved  their  affinity  to  each  other,  so  much  so  that 
the  lines  which  they  formed  were  perfectly  sharp.  Another 
time,  the  same  phenomenon  was  observed  between  the  Marianne 
and  Sandwich  Islands.*' 

It  is  to  be  regretted  that  these  two  naturalists  have  not  in- 
dicated the  species  of  Biphores  which  produced  this  colour. 
It  is  impossible  to  make  them  out  from  the  short  description 
which  I  have  quoted. 

§  XI.   Colour  produced  by  undetermined  antma25,  but  which 
are  probably  larvoe  of  inferior  animcUs  or  of  Infusoria. 

The  most  complete  observation  of  this  kind  with  which  I  am 
acquainted  was  made  by  M.  Quoy  during  the  first  voyage  of 
the  "Astrolabe," 

"  17th  December  1828,  at  3  o'clock  in  the  evening,  being  in 
the  sound  of  the  "  Bay  of  Aiguilles,"  in  sight  of  land,  opposite 
to  Algoa  Bay,  we  saw  at  intervals  the  sea  become  brown-red  in 
large  spaces  and  in  zones.  On  casting  a  net,  we  found  that 
this  colour  was  produced  by  an  enormous  quantity  of  small 
animals,  about  one  or  two  lines  in  length,  quite  white,  except 
the  head,  on  which  there  was  a  reddish  spot. 

''  The  body  of  this  animal  is  eel-shaped,  flat  and  pointed  at 
the  extremity,  where  it  is  furnished  with  a  fin  which  appeared 
to  us  notched.     Its  middle  is  traversed  by  a  canal,  in  which, 
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or  rather  upon  the  sides  of  which,  there  are  white  granalations 
belonging  most  probably  to  the  organs  of  generation.  The 
part  which  belongs  to  the  head  is  surmounted  by  a  very  deli- 
cate fringed  membranous  hood.  ...  It  is  there  that  the 
red  point  is  placed,  partly  surrounded  with  yellow.  These 
animals  being  in  perpetual  motion,  from  the  vibration  which 
they  impart  to  their  body,  the  examination  of  them  becomes 
difficult ;  they  seem  to  wish  to  divest  themselves  of  this  hood. 
They  quickly  spoil  the  water  which  contains  them,  and  in 
half-an-hour  they  are  dead.  Their  bodies  are  then  bent  into 
different  shapes,  the  head  below ;  they  become  opaque,  of  a  dim 
white,  and  their  organization  can  no  longer  be  distinguished." 

M.  Quoy  says  that  he  has  several  times  met  with  these  ani- 
mals, but  he  does  not  give  the  localities.  He  at  first  made  a 
genus  of  them  under  the  name  of  "  Fretillaina  ;^'  but  after- 
wards, on  his  return  to  France,  thought  he  discovered  in  them 
the  characters  of  the  singular,  and  still  enigmatical  animal, 
which  Chamisso  has  described  under  the  name  of  Appendicu- 
laria,  and  Mertens  under  that  of  Oikopleura  Chamissonia, 
He  adds,  however,  that  these  animals  may  possibly  be  larvae. 
And  though  we  cannot  decide  from  such  an  incomplete  de- 
scription, this  latter  opinion  of  M.  Quoy  appears  very  pro- 
bable. The  numerous  works  which  have  appeared  of  late 
years  upon  the  embryo  of  molluscs  can  hardly  leave  a  doubt 
on  this  point,  because  we  may  very  easily  recognise  in  M. 
Quoy's  description  the  hood  of  the  embryo  of  Branchiferavs 
gasteropodes  {OpUthohranches  and  Prosobranches  in  M. 
Milne-Edward's  classification),  or  of  the  shell-bearing  Ptero- 
podes.  Unfortunately  we  can  go  no  further,  or  determine  in 
a  more  exact  manner  the  genus  to  which  these  remarkable 
larvae  ought  to  belong. 

As  for  the  identity  of  these  larvae  with  the  Oicopleura  of 
Mertens,  it  appears  to  us  much  less  certain.  Although 
Mertens'  description  is  very  incomplete,  it  points  to  a  very 
different  animal  to  that  of  M.  Quoy,  which  no  doubt  presents 
something  analogous  to  the  two-lobed  hood  of  the  larvae 
of  Oasteropodes,  but  is  much  larger  in  size  (more  than  3 
centimetres),  and  differs  from  it  by  the  singular  property 
which  it  possesses,  of  secreting  a  sufficient  quantity  of  mu- 
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cos  in  order  to  shut  itself  up  entirely.  Besides,  this  animal 
has  fmlj  as  yet  been  found  in  a  very  different  locality  from 
that  where  it  has  been  noticed  by  M.  Quoy,  Behring  Straits 
and  the  north  of  the  Pacific  Ocean.  As  to  its  organisation, 
the  observations  of  Mertens,  made  with  the  aid  of  a  simple 
magnifying  glass,  are  much  too  imperfect  to  carry  any  cer- 
tainty from  them. 

Analogous  phenomena  are  often  mentioned  on  the  coasts  of 
Chili,  but  appear  to  be  produced  by  larvas  quite  different  from 
the  first,  or  perhaps  by  infusoria. 

The  first  observation  is  due  to  two  Spanish  captains,  Don 
Jorge  Juan  and  Don  Antonio  d^Ulloa,  who,  in  the  last  cen- 
tury, had  accompanied  to  Peru  the  French  commission  charged 
with  measuring  the  meridian,  composed  of  Bouguer,  Conda- 
mine,  Joseph  Jussieu,  and  Godin  :  it  was  in  May  1735. 

''  Having  embarked  in  the  French  frigate  *  la  DelivrancCt' 
and  being  in  lat.  36""  54',  and  2°  24'  east  of  the  island  of  Santa 
Maria,  half  an  hour  after  having  observed  it  we  suddenly 
found  ourselves  upon  a  ridge  of  yellow  water ;  which  gave  us 
a  great  fright,  and  obliged  us  to  leave  the  table,  where  we  were 
at  dinner,  and  run  upon  deck,  more  troubled  still  as  there 
was  no  time  to  tack.  The  frigate  was  in  the  middle  of  this 
colour,  which  appeared  to  be  that  of  a  shoal,  and  extended 
in  length  nearly  two  leagues  from  N.  to  S.,  and  in  breadth 
about  600  to  800  fathoms  from  E.  to  W.  The  colour  of 
the  water  was  so  yellow,  that  after  having  crossed  it,  and 
being  at  a  great  distance  from  it,  it  was  still  very  easy  to 
distinguish  it.  Not  having  been  able  to  sound,  owing  to 
the  lead  not  being  ready  ;  and,  fearing  that  we  had  got 
upon  a  sand-bank,  as  all  believed,  and  that  in  certain  points 
there  would  be  very  little  water,  we  never  dreamt  of  putting 
the  ship  back  in  order  to  learn  the  depth.  There  were  some 
places  where  the  water  was  more  yellow,  appearing  as  if  it  were 
shallower,  and  others  where  the  yellow  water  was  replaced  by 
the  gulf  or  greenish  water.  Every  chart  does  not  indicate 
it,  and  some  of  the  pilots  have  never  seen  it,  which  is  very 
strange,  considering  that  voyages  in  this  direction  are  so  com- 
mon. This  fact  ought  to  be  a  warning  to  all  navigators  to  be 
on  their  guard  when  passing  this  place.'^ 
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This  observation,  very  curious  in  many  respects,  and  par- 
ticularly in  having  produced  such  an  error  in  two  able  sailors, 
who  were  also  distinguished  naturalists,  is  explained  by  the 
observations  of  Foeppig  and  Mr  Darwin. 

PoBppig  remarks : — 

"  12th  March,  about  mid-day,  we  were  not  a  little  surprised 
by  a  cry  of  alarm  from  the  deck,  and  the  immediate  com- 
mand to  bring  to.  The  dirty  red  colour  of  the  sea  had  made 
us  suppose  that  we  had  got  upon  a  shoal,  but  the  lead  found 
no  bottom  at  130  fathoms.  From  the  top-gallant  mast  the 
sea  appeared,  quite  to  the  horizon,  of  a  dark  red  colour, 
more  particularly  in  a  current  of  which  the  length  was  es- 
timated at  six  English  miles,  and  which  divided  to  the 
right  and  left,  in  short  lateral  branches.  Continuing  our 
voyage,  we  found  that  the  colour  changed  into  a  brilliant 
purple,  so  much  so  that  the  foam  in  front  of  the  ship  was  of  a 
rosy-red.  It  surprised  us  that  this  purple  band  was  easily 
distinguished  from  the  blue  of  the  sea ;  a  circumstance  which 
we  the  more  easily  recognised,  as  our  track  made  us  cross  the 
band,  which  extended  in  a  north-east  direction.  The  water 
brought  up  in  a  bucket  appeared  quite  transparent,  but  a  faint 
purple  shade  was  perceived,  when  some  drops  were  put  upon  a 
china  plate,  and  gently  moved  from  side  to  side  in  the  sun- 
light. A  magnifier  showed  numerous  small  red  points,  visible 
to  the  naked  eye  with  great  attention,  and  consisting  of  infusoria 
of  a  spherical  form,  which  did  not  possess  any  external  organ  of 
locomotion.  Their  very  quick  movements  were  only  up  and 
down,  and  always  in  a  spiral  line.  The  want  of  a  power- 
ful microscope  prevented  me  from  pursuing  this  delicate  re- 
search ;  and  all  the  attempts  made  to  preserve  these  animals 
on  paper,  by  the  aid  of  the  filtration  of  a  drop  of  water,  failed, 
because  under  these  circumstances  the  drop  of  water  seemed 
to  evaporate.  They  were  above  all  sensible  to  nitric  acid ; 
a  single  drop  in  a  glass  vessel  containing  this  animated  water, 
terminated  almost  instantaneously  the  existence  of  millions 
of  these  little  beings.  We  sailed  about  four  hours,  with  a 
rapidity  of  at  least  six  English  miles,  across  this  band,  the 
length  of  which  was  about  seven  miles,  before  reaching  its 
boundary.     Its  surface  was,  consequently,  about  168  square 
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miles  English  measure.  And,  if  we  snppose  these  organized 
atoms  to  be  distributed  in  the  upper  stratum  of  water  to  the 
depth  of  only  six  feet,  their  number  must  be  infinitely  be- 
yond all  that  human  reason  can  conceive This 

phenomenon  of  the  colouring  of  the  water  of  the  sea  has 
already  been  seyeral  times  observed  in  other  regions ;  but 
it  is  rare  upon  the  coast  of  Chili.  In  the  southern  part  of 
the  Pacific  Ocean,  near  the  Equator,  particularly  in  the  Gulf 
of  Panama,  and  even  at  a  short  distance  from  California,  it  is 
very  frequently  presented.  Among  the  very  many  sailors 
who  trade  along  the  coasts  of  Chili  and  Peru,  and  whom  I 
questioned  during  two  years  upon  the  subject  of  this  pheno- 
menon, there  is  only  one  to  be  found  who  had  observed  it,  in 
similar  states  and  nearly  at  the  same  time  of  year,  upon  the 
coast  of  Valdivia." 

The  observation  of  Poeppig  was  made  on  the  12th  March 
1827,  about  lat.  36"",  about  two  degrees  below  Cape  Pilares. 

It  is  very  probably  the  same  phenomenon  which  was  ob- 
served by  Mr  Darwin  upon  the  coasts  of  Chili. 

NoYember  14th  1764. 

'*  On  the  coast  of  Chile,  a  few  leagues  north  of  Conception, 
the  Beagle  one  day  passed  through  great  bands  of  muddy 
water ;  and  again,  a  degree  south  of  Valparaiso,  the  same  ap- 
pearance was  still  more  extensive.  Although  we  were  nearly 
fifty  miles  from  the  coast,  I  at  first  attributed  this  circumstance 
to  real  streams  of  muddy  water  brought  down  by  the  river 
Maypo.  Mr  Sulivan,  however,  having  drawn  up  some  in  a 
glass,  thought  he  distinguished,  by  the  aid  of  a  lens,  moving 
points.  The  water  was  slightly  stained  as  if  by  red  dust ;  and 
after  leaving  it  for  some  time  quiet,  a  cloud  collected  at  the 
bottom.  With  a  lens,  of  one-fourth  of  an  inch  focal  distance, 
small  hyaline  points  could  be  seen  darting  about  with  great 
rapidity,  and  frequently  exploding.  Examined  with  a  much 
higher  power,  their  shape  was  found  to  be  oval,  and  contracted 
by  a  ring  round  the  middle,  from  which  line  curved  little  setas 
proceeded  on  all  sides,  and  these  were  the  organs  of  motion. 
One  end  of  the  body  was  narrower  and  more  pointed  than  the 
other.     According  to  the  arrangement  of  Bory  St  Vincent, 
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thej  are  animalculse,  belonging  to  the  familj  of  Trichodes. 
It  was,  however,  very  difficult  to  examine  them  with  care,  for 
almost  the  instant  motion  ceased,  even  while  crossing  the  field 
of  vision,  their  bodies  burst.  Sometimes  both  ends  burst  at 
once,  sometimes  only  one,  and  a  quantity  of  coarse  brownish 
granular  matter  was  ejected,  which  cohered  very  slightly.  The 
ring  with  the  setae  sometimes  retained  its  irritability  for  a 
little  while  after  the  contents  of  the  body  had  been  emptied,  and 
continued  a  riggling,  uneven  motion.  The  animal  an  instant 
before  bursting  expanded  to  half  again  its  natural  size ;  and 
the  explosion  took  place  about  fifteen  seconds  after  the  rapid 
progressive  motion  had  ceased  ;  in  a  few  cases  it  was  preceded 
for  a  short  interval  by  a  rotatory  movement  on  the  longer  axis. 
About  two  minutes  after  any  number  were  isolated  in  a  drop 
of  water,  they  thus  perished.  The  animals  move  with  the 
narrow  apex  forwards,  by  the  aid  of  their  vibratory  ciliu,  and 
generally  by  rapid  starts.  They  are  exceedingly.minute,  and 
quite  invisible  to  the  naked  eye,  only  covering  a  space  equal 
to  the  square  of  the  thousandth  of  an  inch.  Their  numbers 
were  infinite ;  for  the  smallest  drop  of  water  which  I  could 
remove  contained  very  many.  In  one  day  we  passed  through 
two  spaces  of  water  thus  stained,  one  of  which  alone  must  have 
extended  over  several  square  miles.  What  incalculable  num- 
bers of  these  microscopical  animals !  The  colour  of  the  water, 
as  seen  at  some  distance,  was  like  that  of  a  river  which  has 
flowed  through  a  red  clay  district ;  but  under  the  shade  of  the 
vessel's  side,  it  was  quite  as  dark  as  chocolate.  The  line 
where  the  red  and  blue  water  joined  was  distinctly  defined. 
The  weather  for  some  days  previously  had  been  calm,  and  the 
ocean  abounded,  to  an  unusual  degree,  with  living  creatures. 
In  Ulloa's  voyage  an  account  is  given  of  crossing,  in  nearly 
the  same  latitude,  some  discoloured  water,  which  was  mistaken 
for  a  shoal ;  no  soundings  were  obtained,  and  I  have  no  doubt, 
from  the  description,  that  this  little  animalcule  was  the  cause 
of  the  alarm." — Darwin  Jour.  III.,  p.  17-18. 

It  is  very  difficult  for  us  to  establish  here,  as  we  have  done 
from  the  preceding  observations,  the  true  nature  of  these 
little  animals.  Mr  Darwin,  in  the  first  edition  of  his  voyage, 
there  saw  some  infusoria  of  the  genus  Trichoda  of  Miiller, 
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a  genus  from  which  Bory  de  St  Vincent  has  withdrawn  a 
certain  number  of  species,  to  make  the  genus  Oan/tricha. 
There  is  a  species  of  Oxytrieha  which  is  coloured  red, 
observed  by  M.  Ehrenberg  in  the  Baltic,  and  also  by  M. 
Dujardin ;  but  these  naturalists  did  not  find  it  in  quantities 
sufficient  to  change  the  colour  of  the  water.  May  we  not 
believe,  however,  that  these  phenomena  are  produced  by  the 
larvae  of  Annelides^  or  naked  Pteropodesj  or  perhaps  also  by 
certain  larvae  of  Asteria  or  Holothuria,  which  move  freely  in 
the  ocean,  by  means  of  their  circles  of  vibratile  cilia  1 

The  colouring  observed  by  Lesson,  from  the  26th  February 
to  4th  March  1823,  in  the  roads  of  Callao,  lat.  12°  9  9"  8  , 
and  long.  79"  39  46"  W.,  during  the  voyage  of  La  Coquille, 
is  probably  due  to  Infusoria. 

**  A  phenomenon  which  appears  to  occur  frequently  on  the 

coasts  of  Peru,  is  that  of  the  bright  red  colour  of  the  sea, 

in  patches  more  or  less  limited.    We  were  once  deceived  into 

bringing  to  and  sounding,  taking  that  for  a  shoal,  which  was 

simply  the  result  of  a  prodigious  quantity  of  animalcules  which 

coloured  the  sea  a  deep  red.     In  order  to  assure  ourselves  of 

their  nature,  we  took  some  of  the  water  in  a  place  where  the 

sea  was  of  a  blood-red  tint,  and  this  water  put  into  a  glass 

preserved  its  natural  colour.     In  examining  some  drops  of 

this  water  with  a  strong  lens,  we  discovered  millions  of  little 

red  points  which,  like  shrimps  of  extreme  tenuity,  moved  with 

great  quickness.     This  water  filtered  left  a  deposit  upon  the 

paper  of  about  2  centigrams  of  a  red  mucous  matter,  which 

formed,  when  drying  upon  the  filter,  a  pellicle  which  changed 

into  green.    Were  these  eggs  1     Their  very  quick  movements 

do  not  allow  us  to  suppose  it.    Were  these  allied  to  zoophytes, 

or  rather  to  microscopic  Crustacea  ?     This  is  what  we  must 

conclude." 

Incomplete  as  this  passage  may  be,  the  change  of  colour 
from  red  to  green,  observed  among  these  little  beings,  leads  us 
to  think  that  they  belonged  to  the  class  Infusoria,  where  phe- 
nomena of  this  kind  have  been  frequently  observed.  It  is  not 
possible  to  go  further. 

I  presume  that  it  is  also  to  some  species  of  infusoria  that 
the   observation  of  Scoresby,  the  indefatigable  explorer  of 


30  Camille  Dareste  on  the 

the  Arctic  regions,  refers  ;  but  it  also  is  too  imperfect  to 
enable  us  to  give  a  satisfactory  explanation  of  it.  It  was 
made  on  the  10th  July  1823,  in  lat.  71°  15',  and  long. 
17°  20'  W. 

§  XII.    Colours  of  which  the  nature  is  unknown,  but  which 
appear  to  be  produced  by  matter  brought  down  by  the  Rivers. 

Some  similar  facts  have  been  repeatedly  remarked ;  but 
their  nature  is  not  yet  known,  and  even  their  existence  is  not 
always  proved. 

It  is  from  a  cause  of  this  kind  that  the  colour  of  the  Yellow 
Sea,  ''  Hoang-Hai,'^  is  supposed  to  be  produced.  At  least,  in 
all  geographical  works  it  is  attributed  to  the  mud  brought 
by  the  Yellow  River  ("  Hoang-Ho"  of  the  Chinese,  or  "  Kara- 
moran"  of  the  Mongols). 

We  have  neither  positive  observations  upon  the  colour  of 
the  Yellow  Sea,  nor  upon  the  cause  of  it.  In  my  first  memoir 
I  have  advanced  the  opinion  that  this  colour  might  be  pro- 
duced by  algse  of  the  genus  Trichodesmium,  founded  upon 
the  observation  of  a  shower  of  sand  which  fell  at  Shanghai, 
and  in  which  were  found  vegetable  remains.  The  question  is 
at  this  moment  as  undecided  as  ever,  because  I  do  not  know  of 
any  direct  observations  upon  the  fact  in  question.  However, 
I  ought  here  to  refer  to  an  opinion  given  by  Dr  Macgowan  in 
a  memoir  published  in  1850,  with  which  I  was  unacquainted 
at  the  time  my  first  paper  was  drawn  up. 

In  this  work,  Mr  Macgowan  gives  a  description  of  a  shower 
of  sand,  formed  by  an  imperceptible  dust  of  a  yellow  colour, 
which  he  observed  in  China.  He  adds  that  this  phenome- 
non is  very  frequent,  and  that  it  seems  even  to  be  one  of 
the  causes  of  the  fertility  of  the  soil,  because  this  sand 
would  assist  to  separate  the  stiff  soil  of  the  alluvial  lands  of 
China.  This  sand  would  come  from  the  desert  steppes  of 
Northern  China,  which  form  the  deserts  of  Gobi  or  Shamo. 
Mr  Macgowan  thinks  that  it  is  these  showers  of  sand, 
which  give  to  the  Yellow  River,  and  consequently  to  the 
Yellow  Sea  itself,  the  colour  which  geographers  attribute  to 
them.  I  can  only  mention  this  opinion  here,  without  pro- 
nouncing either  for  or  against  it  myself.     It  appears,  besides, 
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to  agree  with  what  we  know  of  the  Yellow  River,  that  it 
only  takes  this  colour,  peculiar  to  it,  after  having  crossed  the 
Steppes  of  Mongolia.  The  Chinese  annals  relate  that  the 
Yellow  River  having  at  one  time  become  clear  this  pheno- 
menon was  followed  by  a  famine.  If,  as  Mr  Macgowan  says, 
the  fertility  of  the  soil  is  due,  in  China,  to  the  showers  of 
sand,  it  is  easily  explained  how  the  famine  and  the  trans- 
parency of  the  water  of  the  river  would  be  produced  at  the 
same  time. 

The  colour  of  the  Ghilf  of  California,  or  "  Mer  Vermeille" 
(Mar  Yermeio  of  the  Spaniards,  Yermilion  Sea  of  the  Eng- 
lish), is  likewise  still  an  undecided  question.  In  many  geo- 
graphical works  it  is  attributed  to  the  mud  carried  down 
by  the  Rio  Colorado.  But,  for  some  time,  a  very  different 
opinion  has  been  announced  on  this  subject.  Thus,  in 
'M*Histoire  des  Navigations  aux  terres  Australds,*'  of  the 
President  of  Brosses,  we  find  this  sentence,  the  original  of 
which  I  have  never  yet  been  able  to  find : — "  On  rapporte  que, 
dans  le  Golfe  de  Califomie,  la  mer  est  couverte  de  vers  rouge.** 

The  coloration  of  the  sea,  by  substances  carried  down  by 
the  rivers,  would  still  be  a  hypothetical  fact,  if  it  had  not 
been  proved  to  a  certain  extent  by  a  particular  case,  although 
upon  a  very  limited  scale.  The  fact  is,  besides,  very  interest- 
ing in  many  respects,  therefore  I  believe  it  worth  relating  with 
some  detail. 

It  is  that  of  a  little  river  in  Syria,  named  Ibrahim-Nahr^ 
which  flows  into  the  Mediterranean,  near  the  small  town  of 
Djibdil^  or  Oeheh  at  a  short  distance  from  Beyrout,  and 
which,  in  every  year,  at  a  certain  season,  was  coloured  red, 
and  communicated  this  colour  to  the  sea  to  a  certain  extent. 

What  is  so  remarkable  in  this  fact  is,  that  it  was  known  to 
the  ancients,  and  connected  with  the  worship  of  the  Fhodni- 
cian  god  Adonis^  Adonai  or  Thammuz^  of  which  Biblos,  now 
Gebel,  was  the  principal  seat  in  Syria.  There  is  a  very  exact 
notice  of  it  in  the  following  passage  of  the  work  of  Lucian, 
"  Sur  la  Deesse  de  Syrie" : — 

''  There  was  still  another  marvel  in  the  neighbourhood  of 
this  town,  a  river  which  flows  from  Mount  Libanus  and  falls 
into  the  sea.     The  name  given  to  it  is  Adonis.    Every  year 
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it  becomes  bloody,  and,  after  having  lost  its  natural  colour,  it 
throws  itself  into  the  sea,  which  becomes  red  to  some  extent, 
thereby  intimating  to  the  inhabitants  of  Biblos  the  time  when 
they  ought  to  begin  their  mourning.  It  is  said,  in  short,  that 
it  is  in  these  days  that  Adonis  is  wounded  on  Mount  Libanus  ; 
that  his  blood,  which  flows  into  the  river,  changes  the  colour 
by  mixing  with  it,  and  gives  it  the  name  of  Adonis.  This  is 
what  the  multitude  relate ;  but  a  man  of  the  country,  who 
appeared  to  me  to  speak  the  truth,  explained  to  me  in  another 
way  the  causes  of  this  phenomenon.  *  The  river  Adonis,  oh 
stranger,  traverses  the  Libanus,  a  mountain  composed  of  a 
very  red  earth.  Violent  winds,  which  regularly  arise  at 
certain  periods,  carry  into  the  river  this  earth,  charged  with 
much  vermilion ;  this  is  what  gives  to  the  water  that  colour 
of  blood,  for  it  is  not  really  blood,  as  is  said ;  the  nature  of  the 
soil  is  the  cause  of  this  phenomenon.'  This  is  what  the  man 
of  Biblos  told  me." 

Lucian  is  the  only  author  of  antiquity  who  speaks  of  this 
fact,  though  there  are  in  a  great  many  Greek  and  Latin 
authors  numerous  allusions  to  the  worship  of  Adonis,  which, 
from  the  Chaldean  and  the  Phoenician,  spread  by  little  and 
little  into  Greece.  But  this  remarkable  coloration  of  the  river 
takes  place  in  our  days  as  well  as  in  the  time  of  Lucian,  hav- 
ing been  observed,on  the  17th  May  1697,  by  H.  Maundrell, 
and  in  1798  by  another  English  traveller,  named  Browne,  but 
he  contents  himself  with  merely  mentioning  it,  without  adding 
any  detail. 

It  would  be  very  interesting  to  know  this  colouring  matter, 
which  thus  seems  to  be  reproduced  every  year  about  the  same 
time.  Unfortunately,  the  observations  of  this  phenomenon 
are  much  too  insufficient  to  prove,  I  do  not  say  to  inform  us 
completely,  but  even  to  put  us  on  the  way  of  solving  this 
question.  M.  Ehrenberg,  who  quotes  the  passage  from  Lucian 
in  his  beautiful  *^  Memoire  sur  le  vents  aliz^s,  les  pluies  de 
sang  et  la  poussiere  met^orique,'*  observes  that  there  are  only 
white  or  gray  calcareous  soils  in  the  Libanus,  and  that  conse- 
quently, the  opinion  brought  forward  by  the  man  of  whom 
Lucian  speaks  may  be  unfounded.  He  thinks  that  the 
phenomenon  may  be  produced  by  a  red-coloured  meteoric  dust, 
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which,  driven  by  the  whirlwinds  of  the  Sirocco,  falls  every  year 
in  Syria.  He  refers  on  this  subject  to  a  very  curious  pas* 
sage  from  the  ''  Liber  Begum,*'  where  mention  is  made  of  a 
spring  suddenly  becoming  red.  I  can  here  only  refer  to  this 
explanation,  without  either  pronouncing  for  or  agiftinst  it  I 
content  myself  by  only  remarking  that  there  existed  in  Syria 
some  soil  formed  almost  entirely  of  red  sand,  and  that  that 
may  account  for  the  opinion  of  Maundrell,  and  also  the  man 
of  whom  Lucian  speaks. 

In  concluding  this  memoir,  I  think  it  right  to  say  that  1 
do  not  pretend  to  have  collected  all  the  facts  regarding  the 
colouring  of  the  sea  mentioned  by  navigators,  nor  even  to  have 
enumerated  all  the  localities  where  similar  facts  were  ob- 
served. I  have  thought  it  best,  under  all  circumstances,  not 
to  pronounce  myself  upon  the  causes  of  these  colourings,  or 
at  least  only  to  express  a  very  reserved  opinion  ;  and  I  would 
not  have  published  this  memoir  if  I  had  not  thought  that  in 
all  scientific  questions  it  is  often  necessary  to  collect  and  com- 
pare the  results  obtained,  in  order  the  better  to  know  in  what 
direction  we  ought  to  turn  our  researches*  I  have,  besides, 
followed  here  the  example  of  M.  Ehrenberg,  who,  in  an  admi- 
rable series  of  memoirs  on  analogous  questions,  has  endea- 
voured to  show  the  advantage  that  may  be  derived  by  the  union 
of  science  with  historical  and  bibliographical  knowledge. 

It  is  for  navigators  to  complete  this  work,  by  collecting,  as 
much  as  possible,  exact  records  of  the  circumstances  under 
which  these  colourings  are  produced,  and  the  organized  beings 
by  which  they  are  caused. 

Note  upon  the  Phenomena  described  by  Mariners  under  the  name 
of  the  Sea  of  MUk^  and  which  are  occasioned  by  the  presence  of 
Phosphorescent  Animalcules, 

Having  been  obliged,  in  studying  the  colourings  of  the  sea, 
to  read  a  great  number  of  narratives  of  voyages,  I  have  there 
met  with  many  observations  referring  to  a  white  colour  which 
gives  to  the  water  the  appearance  of  milk ;  and  although  I 
have  not  made  a  special  study  of  this  question,  I  may,  never- 
theless, point  out  some  general  consequences  which  appear  to 
result  from  the  comparison  of  these  particular  facts. 
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These  phenomena  are  very  frequent,  much  more  so  than 
red ;  in  fact,  there  is  scarcely  a  narrative  of  a  voyage  which 
does  not  make  mention  of  them ;  and  I  believe  that  the  num- 
ber of  these  observations  on  record  is  three  times  as  great  as 
those  of  red  colourings. 

It  is  especially  in  the  intertropical  seas  that  these  pheno- 
mena are  produced ;  and  they  appear  to  be  chiefly  abundant 
in  the  Gulf  of  Guinea  and  in  tiie  Arabian  Gulf,  the  most 
part  of  the  observations  referring  to  these  two  localities. 
In  the  latter  the  phenomenon  was  known  to  the  ancients  more 
than  a  century  before  the  Christian  era,  as  may  be  seen  from 
a  curious  passage  from  the  geography  of  Agatharchides  : 
"  Along  this  country  (the  coast  of  Arabia)  the  sea  has  a  white 
aspect  like  a  river ;  the  cause  of  this  phenomenon  is  a  subject 
of  astonishment  to  us.*' 

An  explanation  of  the  phenomenon  may  possibly  be  found, 
in  the  beautiful  experiments  upon  the  phosphorescence  of  the 
sea,  which  have  been  made  at  Boulogne  in  1850  by  M.  Qua- 
trefages.  This  naturalist  has  discovered  that  the  Noctiltice^ 
which  produce  that  phenomenon  do  not  always  give  out  clear 
and  brilliant  sparks,  but  that,  under  certain  circumstances, 
which  he  has  studied  with  much  care,  this  light  is  replaced 
by  a  steady  clearness,  which  gives  in  these  animalcules  a 
white  colour.  We  may  thus  understand  how,  when  these 
animals  are  in  considerable  masses,  they  may  present  this 
steady  clearness,  and  colour  the  sea  white  to  a  great  extent. 
NoctiluccR  do  not  appear  to  be  the  only  animals  which  possess 
this  property.  Thus,  in  an  observation  of  M.  Grafton  Chap- 
man, the  animalcules,  producing  the  white  tint  and  phos- 
phorescence, were  probably  gregarious  animals,  of  the  genera 
Salpa  and  Pyroaoma, 

These  white  colours,  like  the  red,  appear  frequently,  though 
I  dare  not  say  always,  in  the  same  localities.  I  will  only  quote 
one  example  which  has  been  observed  in  the  neighbourhood  of 
the  Cape  de  Verd  islands  :  it  is  taken  from  the  narrative  of 
the  voyage  of  the  "  Venus,"  by  M,  Dupetit-Thouars. 

''  On  the  13th  January  1837,  at  two  o'clock,  having  perceived 
that  the  sea  had  changed  colour,  we  sounded,  and  did  not  find 
a  bottom  at  300  fathoms.     The  changed  colour  of  the  water 
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did  not  then  seem  to  be  attributable  to  the  quality  of  the 
bottom^  but  more  truly  to  the  presence  of  little  animalcules  or 
molluscs,  named  '  *  SquicT  by  the  English.  These  waters  which 
appear  coloured,  do  not  change  their  place  to  any  sensible  de- 
gree, in  fact  in  several  voyages  I  have  met  with  them  in  the 
same  position  ;  but,  not  wishing  to  content  myself  with  only 
quoting  what  I  have  met  with  myself,  I  will  say  that  in  this 
track  we  found  them  in  lat  21°  29'  39"  N.,  and  long.  21°  45' 
30^  W.  of  Paris ;  that  Fresier,  in  his  *  Voyage  to  Chili'  in 
1712,  found  them  in  lat.  21°  21'  N.,  and  long.  21°  39'  W. ;  and 
the  American  Captain  Fanning  met  with  them,  on  the  12th 
July  1797,  in  lat.  21°  48^  N.,  and  long.  23°  bV  Greenwich. 
All  these  observations  go  to  prove  that  those  coloured  waters 
are  limited,  and  it  seems  to  me  that  they  must  be  the  same 
as  those  which  were  seen  in  the  voyages  which  we  have  quoted, 
since  the  positions  are  nearly  identical." 


An  attempt  to  determine  the  Average  Composition  of  the 
Rosedalcj  Whitby,  and  Cleveland  Ironstones.  By  W. 
Crowder,  Esq. 

Some  few  months  ago  I  communicated  to  the  Edinburgh 
New  Philosophical  Journal  a  paper  on  the  Cleveland  Iron- 
stone, in  which  I  endeavoured  to  show  the  composition  of  that 
district  by  a  series  of  analyses  of  the  beds,  taken  in  regular 
sequence  from  the  mines  at  Hutton  Low  Cross,  near  Guisboro. 
Since  that  paper  was  written,  I  have  had  occasion  to  inquire 
more  particularly  into  the  average  yield  of  iron,  and  general 
character  of  this  and  similar  stones,  and  believing  the  question 
to  be  one  of  great  local,  if  not  national  importance,  have  under- 
taken a  series  of  analyses  which,  it  is  hoped,  will  suffice  to 
set  the  matter  at  rest.  In  making  an  examination  of  the 
minerals  of  any  district,  it  frequently  happens  that  the  results 
of  experiment  differ  widely  from  those  obtained  in  practice. 
This  discordance  arises  not  so  much  from  any  defect  in  the 
analyses  themselves  as  from  want  of  a  sufficient  number  of 
experiments,  to  show  the  fluctuations  in  composition ;  for  it 
frequently  happens  that  within  a  very  small  compass  large 

G  2 
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masses  of  ore  will  yield  results  which  differ  materially  from 
each  other,  so  that  by  adopting  any  single  analysis,  very 
erroneous  impressions  and  mischieyous  results  may  be  the 
consequence« 

If  this  view  be  correct,  it  will  follow  that  in  attempting  to 
arrive  at  the  average  composition  of  any  stratified  beds,  that 
examination  would  give  the  best  results,  and  be  nearest  the 
truth,  which  gave  the  greatest  number  of  analyses  of  the 
mineral  taken  from  the  greatest  number  of  places.  Minute- 
ness of  analysis  would  here  be  of  secondary  value,  whilst 
repetition  would  be  of  the  highest  importance. 

In  the  present  communication  I  have  endeavoured  to  carry 
out  this  principle,  believing  that  it  is  only  by  a  continued 
repetition  of  analyses  of  the  beds,  under  a  variety  of  circum- 
stances, and  derived  from  a  number  of  independent  sources, 
that  any  general  conclusions  can  be  deduced.  A  large  num- 
ber of  specimens  about  to  be  noticed  have  been  collected  by 
myself,  during  a  tour  through  the  district  a  few  months  ago, 
whilst  the  remainder  have  been  derived  either  from  the  owners 
of  the  mines  or  from  other  undoubted  sources.  The  whole 
have  been  selected  with  the  greatest  care,  and  it  is  hoped 
that  the  present  will  form  a  contribution  of  some  value  to 
our  knowledge  of  the  mineral  resources  of  Yorkshire. 

Whilst  endeavouring  to  multiply  observations,  I  have  not 
overlooked  the  value  of  minute  analysis,  and  have  given  a 
complete  examination  of  as  many  specimens  as  my  time  and 
opportunity  have  allowed. 

The  ironstones  principally  examined  are — 

Istj  Those  from  Rosedale  Abbey,  about  10  miles  from 
Kckering. 

2rf,  Those  found  in  the  neighbourhood  of  Whitby. 

3dy  Those  from  the  Cleveland  Hills,  which  are  perhaps  the 
most  important  deposits. 

It  will  be  seen  that  these  three  classes  of  stone  differ  widely 
from  each  other,  not  only  in  the  chemical  constitution  of  dif- 
ferent localities,  but  at  the  same  place,  thus  exemplifying 
at  once  the  necessity  for  systematic  repetition  and  investi- 
gation. 

Before  proceeding  to  the  subject  more  immediately  under 


RoseddUy  Whitby,  and  Cleveland  Ironstones.         87 

consideration,  it  will  be  as  well  to  make  some  few  obserya- 
tions  upon  the  mode  in  which  the  following  analyses  have  been 
conducted. 

The  silica*  lime,  and  magnesia,  were  determined  in  the 
usual  way.  Protoxide,  and  peroxide  of  iron,  were  determined 
in  all  cases  by  standard  solution  of  permanganate  of  potash 
by  the  usual  method.  The  strength  of  the  solution  was  such 
that  100  graduations  oxidized  about  5  grains  of  iron.  Alu- 
mina was  determined  by  precipitation  along  with  the  iron 
in  the  filtrate  from  silica,  by  deducting  the  quantity  of  iron 
(as  obtained  by  the  permanganate  process)  from  the  alumina 
and  iron,  the  quantity  of  alumina  was  obtained.  If  phos- 
phoric acid  was  present,  the  quantity  of  this  ingredient  was 
deducted  from  the  alumina. 

Sulphur  was  determined  by  oxidation  with  nitric  acid  and 
precipitation  with  nitrate  of  baryta,  and  the  sulphuric  acid 
determined  in  a  separate  portion,  and  deducted  from  the 
total  quantity  of  sulphate  of  baryta. 

Phosphoric  add  was  determined  by  one  of  two  methods : 
1st  method — After  burning  off  the  precipitate  of  iron  and 
alumina  (which  contains  the  phosphoric  acid)  it  was  dissolved 
in  hydrochloric  acid ;  tartaric  acid,  sulphate  of  magnesia,  and 
ammonia  were  added,  and  the  phosphoric  acid  determined. 
Or:  2nd  method — 20  grains  were  dissolved  in  hydrochloric 
acid,  and  boiled.    The  fluid,  which  contains  the  iron  princi- 
pally as  protoxide,  was  treated  with  an  alkaline  carbonate 
in  the  cold  till  a  precipitate  was  about  to  form,  acetate  of 
potash  was  then  added,  and  the  fluid  boiled.    The  phosphoric 
acid  comes  down  with  only  a  small  quantity  of  iron  ;  the  re- 
mainder of  the  iron,  which  is  still  in  the  state  of  protoxide, 
passes  through  the  filter.    After  washing  the  precipitate  with 
boiling  water,  it  is  dissolved  in  hydrochloric  acid;  tartaric 
acid,  sulphate  of  magnesia,  and  ammonia  added^  and  allowed 
to  stand  24  hours. 

The  precipitate  of  phosphate  of  magnesia  and  ammonia  is 
then  dissolved  and  re-precipitated. 

Water  was  determined  by  heating  20  grains  in  a  tube,  and 
collecting  the  water  in  a  chloride  of  calcium  tube. 

Carbonic  acid  was  either  determined  by  the  usual  method 
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(viz.,  by  the  loss  sustained  after  adding  acid  and  evolving  the 
gas),  or,  by  fusing  20  grains  of  the  ore  with  60  or  80  grains 
of  dry  borax,  and  noting  the  loss,  which  consisted  of  water  and 
carbonic  acid.  By  deducting  the  water  in  the  preceding  ex- 
periment, the  quantity  of  carbonic  acid  is  obtained.  This 
method  has  the  advantage  of  being  both  rapid  and  accurate, 
when  a  good  heat  can  be  obtained.  There  is,  however,  a 
great  drawback,  which  led  to  the  abandonment  of  the  pro* 
cess.  I  found  that  the  platinum  crucibles  in  which  the  ex* 
periment  was  conducted  were  rapidly  corroded,  losing  from 
0*50  to  0*70  gr.  in  weight  at  each  experiment. 

In  some  instances  the  carbonic  acid  was  determined  by  loss 
on  the  analysis.  By  careful  experiments  on  several  of  the 
Cleveland  stones,  I  found  that  I  was  able  to  rely  upon  this 
plan  in  a  large  number  of  instances. 

Rosedale  Ironstone, — In  my  former  communication  I  gave 
the  analysis  of  two  or  three  samples  of  ironstone  from  Rose- 
dale,  but  at  that  time  I  was  not  aware  that  there  were  two 
localities  of  the  same  name.  Since  then  I  have  found  that 
there  is  a  place  called  Rosedale  on  the  sea-coast,  at  which 
a  large  quantity  of  iron  ore  is  raised  and  shipped ;  and  I  have 
now  no  doubt  that  the  two  samples  stated  to  contain  36-82  and 
27*93  per  cent,  metallic  iron  were  obtained  from  that  place, 
and  not  from  Rosedale  Abbey,  which  is  many  miles  inland. 
The  whole  of  the  present  specimens  were  taken  by  myself  at 
the  mines  near  Rosedale  Abbey  about  three  months  ago,  and 
great  care  was  taken  in  their  selection  to  insure  an  average  re- 
sult. Much  of  the  stone  occurs  in  large  nodular  masses,  encased 
in  a  kind  of  shell,  called  scrap  by  the  workmen.  It  is  very  vari- 
able in  composition,  depending  upon  its  stage  of  decomposition. 

The  outer  coverings  appear  to  have  originally  had  the  same 
composition  as  the  inner  portion,  which  is  a  carbonate  of 
iron — and  has,  by  decomposition,  being  converted  into  hy- 
drated  peroxide. 

There  are  several  places  already  opened  out  for  working 
this  stone,  but  the  best  quality  appears  at  present  to  be  con- 
fined entirely  to  one  spot. 

It  is  here  obtained  by  open  quarrying  into  the  face  of  the 
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hilly  the  thickness  of  the  stone  being  upwards  of  20  feet. 
Whether  this  will  be  lost  as  the  work  proceeds  remains  to  be 
seen ;  at  the  present  moment  it  would  perhaps  be  premature 
to  give  a  decided  opinion.  The  colour  of  the  stone  at  this 
place  is  dark  blue,  bordering  on  black,  and  it  occurs  in  thin 
slabs,  constituting  the  cases  of  the  inclosed  nodule.  This  blue- 
black  stone  is  by  far  the  richest  in  quality,  but  there  is  a  great 
quantity  of  a  light  blue  colour,  occurring  more  particularly  at 
a  drift  which  has  been  made  in  the  hill-side  near  the  quarry  ; 
this  latter  is  quite  different  from  the  blue  stone. 

There  is  also,  at  the  crest  of  another  hill  about  1  or  2 
miles  from  this  place,  a  drift  pushed  about  20  feet  into  the 
liill-side,  where  a  large  quantity  of  the  light  blue  nodules  are 
found  incased  in  a  series  of  coverings,  the  analysis  of  which 
I  have  given,  to  show  the  gradual  changes  that  have  taken 
place.  These  nodules  and  scraps  lie  embedded  in  a  soft  fri- 
able matrix  of  ironstone  of  brown  colour,  which  constitutes 
the  principal  bulk  of  the  ore  at  that  particular  locality. 

For  distinction,  I  shall  call  the  three  different  places — 

The  Quarry,  from  whence  the  dark  blue  stone  is  obtained. 

The  Shaft  and  Drift,  from  whence  the  light  blue  stone  is 
obtained. 

The  Drifty  2  miles  away,  from  whence  light  blue  and  brown 
st^ne  is  obtained. 

The  QiMrry. — ^Description  and  analysis  of  the  dark  blue 
stone : — 

A.  MaB9  of  dark  blae-black  stone  very  compact. 

B.  Do.  jdightly  altered  by  exposure  to  the  air. 

C.  Do. 

D.  Do. 

£.  Dark  blue  stone  streaked  with  rust-red  layers. 

F.  Do. 

G.  Do.  altered  by  exposure  to  air. 
H.  Do. 

I.   Do.  with  wide  streak  of  rust-red  colour. 
K.  Do.  altered  by  exposure. 

The  following  are  the  quantities  of  silica  and  iron  in  each 

stone.    I  may  mention  that  this  is  a  kind  of  magnetic  iron  ore, 

and  appears  to  contain  about  equal  proportions  of  protoxide 

and  peroxide  of  iron  i — 
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SUica. 

Peroxide  of 
iron. 

MetaUic 
iron. 

A, 

8-60 

61-86 

43-30 

B, 

.        7-75 

5500 

38-50 

c, 

8-90 

4965 

34-75 

D, 

7-30 

5602 

3921 

E, 

715 

70-45 

49-31 

F, 

8-70 

68-77 

48-14 

G. 

670 

57-37 

4015 

H, 

8-55 

63-40 

44-38 

I. 

620 

7112 

49-78 

K, 

6-80 

62-73 

43-91 

10  samples, 

average  7'66 

61-63 

43-14 

Maximnm, 

890 

7112 

49-78 

Minimum, 

6-20 

5500 

3475 

Annexed  is  the  analysis  of  an  average  sample  of  this  stone 
madcf  in  the  laboratory  by  my  pupil  Mr  George  Steward.  I 
also  append  an  analysis  of  a  specimen  of  this  substance  by  my 
friend  Mr  John  Fattinson,  chemist  to  the  Clarence  Iron 
Works,  Middlesboro',  who  kindly  communicated  the  result, 
and  which  fully  confirms  the  correctness  of  the  other  exami* 
nation  in  nearly  every  particular. 

This  close  agreement  is  exceedingly  interesting,  when  it  is 
considered  that  the  samples  were  obtained  through  entirely 
different  sources,  and  analyzed  independently,  without  any 
intention  of  comparing  the  results  with  one  another. 


UysU  of  Two  Samples  of  Roseddle  Ironstoi 

ne,  Darh'Elue 

Magnetic, 

Steward. 

Pattinson. 

Protoxide  of  iron,     . 

33*55 

33-85 

Peroxide  of  iron, 

31-40 

32-67 

Alumina,         .         .         .         , 

16-05 

3-15 

Lime,     .         .         ,         ,         . 

3-35 

2-86 

Magnesia,       .... 

1-29 

1-59 

Potash,             .... 

.            ... 

Trace. 

Carbonic  acid, 

10-26 

10-36 

Silicic  acidy      .... 

4*50 

6-95 

Snlphorio  acid. 

•            ••• 

Trace. 

Sulphur, 

■            *  *  * 

0-03 

PhoBphorio  acid, 

•            •  •• 

1-41 

Carbonaceous  matter, 

••• 

0-84 

Water, 

1-34 

3-76 

Protoxide  of  manganese,    . 

•            • .. 

069 

100-74 

9816 

Metallic  Iron, 

4807 

4917 
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ITie  Shaft  and  Drift  near  the  Quarry. — ^I  have  examined 
several  samples  of  the  stone  which  is  obtained  from  this  place. 
It  is  of  a  light-blue  colour,  and  is,  when  first  taken  from  the 
mine,  both  soft  and  friable.  On  exposure  to  the  air  it  becomes 
red,  from  conversion  into  peroxide,  and  much  resembles  exter- 
nally the  matrix  in  which  it  is  embedded. 

No.  1.  A  thin  scrap,  blue  on  the  inner  side,  and  brown  out* 
side. 

No.  2.  The  light-blue  nodule  inclosed  in  No.  1. 

No.  3.  A  thick  scrap  made  up  of  a  series  of  brown  layers 
streaked  with  thin  blue  layers. 

No.  4.  A  light-blue  nodule  inclosed  in  No.  3. 

Analysis, 


Silica. 

Peroxide  of 
iron. 

MetaUie 
iron. 

No.  1, 

6-70 

64-25 

44  97 

No.  2, 

7-40 

5389 

37*72 

No.  3, 

8-90 

5017 

3511 

No.  4, 

7-85 

6425 

44  97 

The  Drift  about  two  miles  from  the  Quarry. — ^I  spent  some 
time  in  examining  this  spot,  as  the  changes  that  appeared  to 
be  going  on  between  the  air  and  the  light-blue  stone  were 
very  marked ;  and  it  afforded  a  good  opportunity  of  studying 
the  manner  in  which  these  curious  concretions  are  undergoing 
alteration. 

On  minutely  examining  one  of  these  nodules  in  situ^  the 
first  envelope  had  some  similarity  in  appearance  to  the  mass 
which  it  surrounded — ^that  is,  it  had  the  appearance  of  blue 
and  brown  stone  intermixed. 

The  next  covering  had  lost  all  appearance  of  light-blue,  and 
was  reddish-brown. 

The  outer  casing  of  all  was  very  similar  to  the  preceding. 

Each  of  the  specimens  were  taken  separately  and  analyzed, 
with  the  following  results : — 
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Analysis  of  Section  showing  the  Composition  of  a  Light-'Blue  Nodule 
and  its  surrounding  Scraps.     By  Mr  E.  C.  Nobthcott. 


A. 

B. 

c. 

D. 

Silica, 

The  Nodule. 

lat  Scrap. 

2d£cn^ 

Outer  8cimp. 

9-65 

820 

10-95 

8-20 

Protoxide  of  iron,     • 

35-25 

4-97 

1-24 

... 

Perozido  of  iron, 

12-22 

50-63 

54-65 

60-05 

Alumina, 

1410 

18-70 

14.22 

1545 

Lime, 

2-38 

Trace. 

0  48 

1-15 

Magnesia, 

395 

141 

0  27 

0-72 

Sulphur, 

Trace. 

Trace. 

Trace. 

Trace. 

Sulphuric  acid. 

Trace. 

Trace. 

Trace. 

Trace. 

Carbonic  acid, 

16-25 

Trace. 

Trace. 

Trace. 

Water,    . 

Proto  and  peroxide  equal  to 
J  Metallic  iron,  • 

4-80 

15-50 

17-50 

15-40 

98-60 

99-41 

9931 

100-97 

35-94 

39-30 

39-22 

4203 

A  glance  at  the  quantities  of  protoxide  of  iron  in  these  spe- 
cimens will  show  the  changes  that  have  taken  place  from  a 
carbonate  to  a  hjdrated  peroxide  of  iron. 

In  order  that  the  quality  of  this  stone  should  be  thoroughly 
tested,  I  collected  five  samples  taken  one  foot  apart  from  top 
to  bottom  of  the  drift.  These  were  tested  separately  for  silica 
and  iron,  and  equal  weights  of  each  sample  were  mixed  to- 
gether and  analyzed.  An  average  valuation  of  the  entire 
stone  was  thus  obtained,  whilst  the  determination  of  silica  and 
iron  in  all  the  samples  exhibits  its  maximum  and  minimum 
quality. 

Analysis  of  Five  Samples  of  Brown  Ironstone  from  the  Drift  two 

miles  from  the  Quarry, 


SUica. 

Peroxide  of 
iron. 

MetaUic 
iron. 

A,        • 

15-00 

6015 

8510 

B,        .         . 

11-50 

54  30 

3801 

C,        .         . 

11-00 

5705 

39-93 

D,        .        . 

1300 

51-30 

35-91 

B,        .         . 

8-70 

55-50 

38-85 

Average, 

11-84 

53*66 

37-56 

Maximum,    . 

1500 

57-05 

39-93 

Minimum, 

8-70 

5015 

35-10 

MoBedaUy  WhUhy^  nend  Cleueland  Ir<m9tone$.  48 

Analysis  of  theAverags  of  Equal  Parts  of  the  abovs  JFtns  Samples. 
SQica,  12-20 


Protoxide  of  iron* 
Peroxide  of  iron, 
Aluminft, 
Lime, 
Magnesia, 
Sulphur, 
Sulphuric  acid, 
Carbonic  acid,   . 
Water, 


2-^ 
51-50 
14-50 

1-95 

1-15 
Trace. 
Trace. 

1-70 
11-50 

9700 


Metallic  iron,  .  3801 

It  ^ill  be  Been  that  this  stone  is  of  considerable  value,  con- 
taining, as  it  does,  on  an  average,  about  38  per  cent,  of  me- 
tallic iron.  It  is  very  free  from  sulphur,  and  contains  only  a 
very  moderate  quantity  of  silica. 

There  are  many  other  places  in  this  locality  where  ironstone 
of  good  quality  may  no  doubt  be  obtained,  but,  my  time  beiug 
limited,  I  had  not  the  opportunity  of  more  fully  exploring  the 
district. 

There  is  still  an  insuperable  objection  to  working  this  stone, 
viz.,  the  want  of  railway  communication.  At  present  the 
nearest  point  to  the  Whitby  and  Pickering  line  is  at  Picker- 
ing, ten  miles  distant,  and  the  conveyance  of  the  stone  by 
carts,  in  consequence  of  the  great  expense  of  transit,  renders 
its  attainment  a  matter  of  secondary  importance. 

Kecently  some  surveys  of  the  district  have  been  made  with 
a  view  to  the  projection  of  a  line  to  the  spot,  but  the  contor- 
tions of  the  strata  rendering  the  loss  of  the  seam  of  stone  a 
matter  of  possibility,  will  no  doubt  make  such  an  undertaking 
peculiarly  hazardous  as  a  monetary  speculation. 

The  Whitby  Ironstone  Beds. — In  proceeding  along  the  sea 
shore,  from  Whitby  northwards  towards  Redcar,  the  rocks 
forming  the  coast  line  contain  a  number  of  beds  of  ironstone 
varying  in  composition,  but  consisting,  at  the  places  where  I 
have  examined  them,  either  of  carbonate  of  protoxide  or  hy- 
drated  peroxide  of  iron.  The  latter,  so  far  as  my  own  obser- 
vations go,  is  the  most  frequently  found,  but  beds  of  carbonate 
of  iron  are  obtained  of  considerable  thickness  in  places. 
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The  stone  is  obtained  by  drifting  into  the  cliff,  and  is  con- 
veyed to  ships  by  means  of  jettys  thrown  out  towards  the  sea. 

I  have  not  had  so  many  opportunities  of  investigating  the 
locality  as  could  be  desired,  but  have  principally  confined 
myself  to  one  or  two  mines,  where  a  large  quantity  of  this 
material  is  obtained. 

It  is  of  a  dark  brown  colour,  friable,  and  consists  of  hy- 
drated  peroxide  of  iron,  mixed  with  variable  proportions  of 
sand.  Along  with  the  preceding  is  a  stone  of  much  lighter 
colour  and  more  sandy  appearance,  and  which  occurs  in  con- 
siderable quantity.  '^  From  a  letter  that  I  have  lately  received 
from  the  proprietor  of  one  of  those  mines,  I  understand  that 
they  have  come  upon  a  bed  of  stone,  a  sample  of  which  I 
have  seen,  and  which  is  a  carbonate  of  iron,  apparently  si- 
milar to  the  stone  I  shall  have  to  speak  of  presently,  viz., 
the  Sleights  Bridge  and  tunnel  stone.  The  specimens  are 
obtained  from  the  Raithwaite  mine,  which  is  the  first  drift  in 
the  cliff  after  proceeding  northwards  from  Whitby.  Part  of 
these  were  taken  by  myself,  and  part  have  since  been  sent  to 
me  by  the  proprietors. 

It  will  be  seen  that  the  specimens  taken  by  myself  are,  on  the 
whole,  not  so  favourable  as  those  sent  by  the  parties  themselves, 
but  I  must  in  fairness  state  that  I  was  cautioned  at  the  time  I 
took  the  samples  that  I  had  selected  the  worst  of  the  stone. 

■ 

The  two  collections  must  therefore  be  considered  as  one,  and 
the  value  of  the  stone  judged  of  by  the  average  result.  I 
may,  however,  state  that  some  of  the  samples  that  I  took 
were  from  the  waggons  on  the  jetty,  which  were  of  course 
about  to  be  unloaded  into  ships. 

The  following  are  the  analyses  of  those  samples  which  were 
taken  by  myself  from  the  mine  and  from  the  waggons : — 


A 

B              C               D               E 

Silica,    .     f 

.     44-75 

66-85         58-15         49*45         32-45 

Metallic  iron, 

.     22-09 

16-69        22-60        29-72         34-70 
Description. 

A,        . 

Light-coloured  sandy  stone. 

B,         . 

Do.               do. 

c. 

Snuff-colonred       do.           very  rotten. 

D.        . 

Do.               do.                 do. 

E,         . 

Do.               do.                 do. 
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The  following  are  the  analyses  of  those  samples  sent  to  me 
by  the  proprietors  of  the  Raithwaite  mines  : — 

1  2a  25         3  4  5  6 

SOica,         36-35      21-00       37*20     1835      14-00      1245      1800 

I  25-69      34-26       3227     3409      41-86      4525      33*60 


Metallic  1 
iron 


External  Characters, 

No.  1,  .  .     Light-coloured  sandj  stone. 

No.  2a,  2&,  .  Ditto.  t 

No.  3,  .  Dark  snuff-colour,  with  many  shells. 

Nos.  4  and  5,  Dark  rust-red  rotten  stone,  irregular  fracture. 

On  looking  over  these  analyses,  the  quantity  of  silica  ob- 
tained in  the  first  set  will  be  seen  to  be  very  high,  compared 
with  what  is  found  in  many  iron  ores  in  the  same  neighbour- 
hood, and  a  carefiil  distinction  between  the  good  and  bad  will 
have  to  be  made  if  the  material  is  to  maintain  a  good  name 
among  ironmasters. 

It  would  appear  that  the  light-coloured  stone  is  much  in- 
ferior both  in  yield  of  iron  and  proportion  of  silica  to  the 
dark,  and  the  quality  of  the  dark-coloured  stone  would  become 
much  deteriorated  by  the  admixture  of  any  considerable  quan- 
tity of  the  light. 

Since  the  specimens  A,  B,  C,  D,  and  E,  were  analysed,  I 
have  ascertained  that  the  siliceous  portion  of  the  stone  is 
thinning  out,  its  place  being  supplied  by  that  of  which  2  a 
and  2  h  are  examples.  No.  6,  I  understand,  is  about  2  ft. 
6  in.  in  thickness.  I  have  made  no  average  analysis  of  these 
stones,  as  their  quality  and  chemical  composition  are  so  va- 
riable that  it  could  lead  to  no  useful  result ;  but  it  may  be 
stated  generally,  that  the  best  appears  to  contain  from  34  to 
45  per  cent. 

A  stone  differing  much  in  composition  and  appearance  to 
those  already  mentioned  occurs  In  large  quantity,  and  is  ex- 
tensively worked,  at  a  few  miles  from  Whitby, 

In  proceeding  from  Whitby,  in  a  south-westerly  direction 
by  the  Whitby  and  Pickering  Railway,  a  large  number  of  iron 
mines  are  observed.  Some  of  this  stone  has  been  worked  for 
years,  whilst  in  other  cases  the  drifts  have  only  lately  been 
opened.    I  have  reason  to  believe  that  the  seams  found  at 
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Raithwaite  mines  are  also  to  be  found  extensively  here,  but 
mj  object  is  more  especially  to  illustrate  the  composition  of 
that  stone  which  appears  here,  and  does  not  often  occur  on 
the  sea- shore.  It  is  much  more  uniform  in  composition  than 
the  preceding,  and  I  understand  is  obtainable  in  very  large 
quantities. 

The  locality  has  the  great  advantage  of  railway  communi- 
cation, in  fact  the  railway  passes  completely  through  the  dis- 
trict, aQd  sidings  run  direct  from  the  main  line  to  the  mouths 
of  the  mines.  The  stone  occurs  as  far  as  Grossmont,  which  is 
about  the  fourth  station  down  the  line. 

I  have  selected  the  stone  from  two  places,  and  append  ana- 
lyses of  that  found  at  Sleights  Bridge  and  at  the  tunnel. 

The  following  are  the  quantities  of  iron  and  silica ; — 

Analysis  of  Sleights  Bridge  Stone. 


Silica. 

Peroxide  of  Iron. 

Metallic  troo. 

A.y         .                               ■                                • 

.     10-00 

41-20 

28-84 

B,  .         .         . 

.       900 

43-55 

30-48 

C,  .        .         . 

.       8-50 

42-20 

29-54 

D,  . 

.     11-60 

43-55 

30-48 

Ayerage, 
Maximum, 

.       9-80 
.     11-60 

4262 
43-55 

29-83 

30-48 

Minimum, 

.       8-50 

41-20 

28*84 

Sleights  Bridge 

Silica, 

IroTUtone* — Analysis  of  Equal  Weights 
of  the  preceding  Stones, 

«                •                •                •             t/*«5d 

Protoxide  of  iron, 

• 

... 

38*56 

Peroxide  of  iron, 

• 

•             .             • 

^Traoe. 

Alumina, 

• 

... 

12-15 

Lime, 

• 

*             •             . 

4-85 

Magnesia, 
Sulphur, 

Sulphuric  acid,    . 
Carbonic  acid. 

« 
• 
• 
• 

•                                   a                                   • 
... 
... 
•                                   .                                    • 

4*40 

Trace. 

Trace. 

28  00 

Water,    . 

• 
• 
• 

•  •                                   . 

•  •                                    . 

•  •                                   . 

2-50 

Peroxide  equal  to 

99-81 

Metallic  iron, 

29-90 
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The  following  are  the  determinations  of  silica  and  iron  in 
the  stones  from  the  tunnel : — 


B,  .         • 
Cy   •         • 

Average, 

Maximum, 

Minimum, 


Analysis  of  Tunnel  Stone* 

Silica.        Peroxide  of  Iron. 


.15.70 
12-20 
15-50 
1700 

1510 
17-00 
12*20 


36-75 
45-50 
4515 
3605 

40-S6 
45-50 
3605 


Metallic  Iron. 
25-72 
31-85 
31-60 
25-23 

28-60 
31^5 
25-23 


Tunnel  Stone. — Analysis  of  Mixture  of  Equal  Weights  of 


the  preceding. 


Silica, 

Protoxide  of  iron, 
Peroxide  of  iron. 
Alumina, 
Lime, 
Magnesia, 
Water,   . 
Garbonio  add, 


Protoxide  and  peroxide  equal  to 


Metallic  iron. 


15-00 

35*55 
1-80 

12-30 
5-35 
210 
2*30 

2700 

101-40 
28-91 


This  stone,  in  appearance  and  composition,  seems  to  be  the 
same  as  that  found  in  the  Cleveland  Hills,  in  fact  I  belieye  it 
is  considered  (geologically)  identical  The  colour,  hardness, 
and  presence  of  the  little  oolitic  concretions  would  imme* 
diately  strike  an  unpractised  eye,  and  the  chemical  composi- 
tion leaves  no  doubt  that  this  is  the  same  bed  of  ironstone. 

Cleveland  Ironetone. — ^I  have  been  induced  to  enter  into  an 
extended  and  minute  examination  of  this  stone,  from  the  great 
importance  of  an  exact  knowledge  of  its  chemical  composition, 
it  being  now  so  extensively  smelted  in  the  district  where  it  is 
raised. 

In  Cleveland  its  yield  of  iron  has  been  a  matter  of  some 
discussion,  whilst  the  iron  made  from  this  stone  alone  is  said 
to  be  somewhat  inferior  in  quality,  requiring  the  use  of  Cum- 
berland hflsmatite,  in  variable  quantities,  to  impart  strength, 
tenacity,  and  fluidity. 
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The  proportion  of  iron  has  generally  been  judged  of  bj  the 
quantity  obtained  in  the  smelting  operations ;  but  it  will  be  evi- 
dent that  this,  although  the  best  test  in  the  hands  of  a  skilful 
manufacturer,  would  be  most  fallacious  in  the  hands  of  an  in- 
different  operator. 

In  conjunction  with  the  present  investigation,  I  have  there- 
fore instituted  an  inquiry  into  the  chemical  composition  of  the 
slags  of  the  blast  furnaces  and  the  iron  produced  simulta- 
neously. The  results  of  these  experiments  will  shortly  be  pub- 
lished, and  I  shall  then  have  occasion  to  direct  attention  to  a 
number  of  singular  circumstances  connected  with  the  slag  and 
corresponding  iron  produced. 

The  principal  mines  whence  this  stone  is  obtained  are  those 
of  Eston,  Hutton  Low  Cross,  Normanby,  and  Upleatham. 
There  are  other  places  besides  the  above  named,  but  I  have 
preferred  to  analyse  these  minutely  rather  than  examine  a 
number  of  places  superficially. 

In  the  analysis  of  the  Cleveland  stones  previously  pub- 
lished, I  did  not  determine  the  quantity  of  water  and  carbonic 
acid  separately,  and  in  most  instances  the  phosphoric  and  sul- 
phuric acid  were  omitted,  whilst  I  contented  myself  by  stating 
the  iron  to  be  equal  to  so  much  peroxide.  In  the  present  in- 
stance I  have,  in  nearly  all  cases,  determined  every  constituent 
separately.  The  carbonic  acid  .forms  the  only  exception.  This 
latter  has,  in  most  instances,  been  determined  by  loss  on  the 
analysis.  It  was,  however,  performed  in  a  sufficient  number 
of  cases  to  establish  the  correctness  of  the  method,  as  may  be 
seen  by  referring  to  E  and  F  in  the  Hutton,  A  and  B  in  the 
Upleatham,  and  in  the  Normanby  stone  analyses. 

This  stone  is  exceedingly  free  from  sulphur ;  in  nearly  all 
cases  little  more  than  traces  can  be  detected ;  but  phosphoric 
acid  seems  to  be  almost  invariably  present  in  considerable 
quantity. 

It  will  be  observed  that  the  stone  is  a  carbonate  of  pro- 
toxide of  iron ;  but  there  is  always  a  small  quantity  of  per- 
oxide present,  generally  about  2  or  3  per  cent.  The  stone 
varies  very  much  in  general  appearance ;  but  the  characters 
of  each  bed  are  so  distinct  that  the  different  varieties  may  be 
recognised  without  difficulty.     Some  of  the  specimens  taken 
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from  one  mine,  when  compared  with  those  from  another,  ap- 
pear so  similar  as  almost  to  belong  to  the  same  piece. 

The  following  are  the  analyses  of  the  mines  enumerated : — 
Eston  Nab  Main  Seam, — This  seam  is  from  12  to  17  feet 
in  thickness  ;  solid ;  not  divided  by  any  seam  or  band  of  other 
matter,  if  the  samples  marked  A  to  F  are  taken  from  a  section 
of  the  seam, — A  being  the  top  of  the  seam  and  F  the  lowest 
part,  and  the  letters  intermediate  in  the  order  of  their  se* 
quence. 

6  is  from  a  part  of  the  mines  where  the  ironstone  is  abun- 
dantly filled  With  marine  shells,  which  is  not  the  case  every- 
where. It  will  be  seen  that  this  stone  (G)  contained  a  much 
smaller  percentage  of  iron  and  larger  percentage  of  lime  than 
any  of  the  others,  which  may  be  accounted  for  by  the  propor- 
tion of  shells  in  the  specimen. 


jdnalt/sis  of  Ironstone  from  Eston  Nab  (main  seam). 


smca, 

A.    ;    B. 

V, 

D. 

£. 

P. 

G. 

10-90;  11-95 

6-00 

7.65 

7-66 

19-90 

1    95 

Peroxide  of  iron, 

3-66      6-73 

3-95 

1-20 

»  •  • 

1-65 

2-45 

Protoxide  of  iron, 

39-01    3906 

40-85 

43-35 

41-22 

39-50  1  24-93 

Alumina,    . 

1062    1383 

12-66 

9-88 

14-28     17  87  1  12-72 

Lime, 

1-70  i     2  62 

traces 

0-58 

trace 

1-56 

8.56 

Ma^neeift,  ... 

3.19       2-72 

319 

5-35 

5-48 

2-31 

1-80 

Sulphur,     . 

trace     trace 

trace 

009 

trace 

0-13 

0-10 

Phosphoric  acid, 

2.08       102 

2-49 

387 

1-02 

260 

1-88 

Carbonic  acid,    . 

26-26  1  16-38 

2616 

22-96 

25-32 

6-54 

41-54 

Water, 

Proto  k  Peroxide  eq.  to 

Metallic  iron,     . 

3  69  1     6-80 

4-70 

607 

5-13 

9.14 

907 

100-      100- 

1 

100- 

100. 

100- 

100- 

100- 

32-83  *  3510 

84-64 

34-54 

3206 

28-73    21-10 

ATerage, 

Maximum, 

Minimum, 


Phosphoric  acid.  Silica. 

2-39  11-98 

8-87  19-96 

1-02  600 


Metallic  iron. 
31-27 
3610 
21-10 


External  characters  of  the  stone : 

A,  cinnamon  coloured  stone,  made  up  of  oolitic  ffrains. 
q'  I  blue  green-fltone,  full  of  oolitic  grains. 

D,  the  same,  but  dark  blue-green  colour. 

E,  the  same,  but  still  darker  colour. 

F,  hard  compact  stone ;  olive-green  colour ;  no  fossils. 
O,  dirty-green  colour;  highly  fossiliferous. 

NEW  SERIES. VOL.  V.  NO.  !• JANTTABT  1867. 
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Analysis  of  the  Stone  from  Hutton  Low  Cross, 


Silica, 

A. 

B. 

C. 

D. 

E. 

P. 

G. 

H. 

I. 

20-90 

12-80 

16-66 

16-66 

13-00 

7-20 

12-60 

10-40 

15-66 

Protoxide  of  iron, 

35-65 

40-36 

37-41 

36-75 

38-39 

40-86 

Peroxide  of  iron, 

1-70 

2-41 

•  •  « 

1*80       616 

4-25 

Alumina,  . 

3-79 

3-71 

9-86 

4-95      3-79 

3-44 

liimei                  • 

4-20 

2-70 

308 

7-39 

300 

3-80 

Magnesia, 

112 

0-49 

trace 

2-98 

4-80 

3-70 

Phosphoric  acid, 

2-66 

1-92 

0-67 

605 

201 

0-96 

Carbonic  add,   . 

2518 

32-72 

26-32 

23-47 

28-40 

32-60 

Sulphur,    . 

trace 

trace 

trace 

trace 

005 

1-60 

Sulphuric  acid, . 

trace 

0-31 

trace 

007 

0-02 

0-30 

Water, 

Proto  and  Perox-  \ 
ide  equal  to      J 

Metallic  iron. 

4-90 

2-58 

611 

4-89 

1-45 

1*46 

100- 

100. 

100. 

100- 

100-07 

10006 

28-84 

33-46 

2910 

27-45 

33-46 

34-75 

28-88 

26.29 

28*66 

Average, 

Maximum, 

Minimum, 


Phosphoric  add.  Silica.  Metallic  iron. 

2-21  13-86              3009 

50-6  20-90              34-76 

0-67  7-20              26-29 


External  characters  of  the  stone : 

A,) 

B,   I  Colour  gray;  bard,  compact,  and  high  specific  gravitj,  with  verj 
K,  r     few  oolitic  grains — all  alike. 
F,   J 

c,  i 

D, 

6,  >  Softer  stone;  fracture  uneTen;  many  oolitic  grains—all  alike. 

f:\ 

Analysis  of  Upleatham  Ironstone. 


Silica, 

A. 

B. 

C. 

D. 

B. 

P. 

17-49 

20-50 

14-35 

12-95 

7-80 

7-45 

Protoxide  of  iron, 

41-00 

3400 

33-37 

38-43 

38-25 

38-25 

Peroxide  of  iron. 

trace 

7-00 

3-50 

210 

6-50 

5-80 

Alumina, 

6-00 

1215 

8-10 

18-00 

11-20 

1220 

Lime, 

3-35 

1-40 

7-55 

2-80 

3  35 

5  00 

Magnesia, 

3-70 

315 

3-45 

210 

2-80 

2-40 

Sulphuric  acid, 

traces 

traces 

traces 

traces 

traces 

traces 

Sulphur, 

traces 

0-06 

traces 

traces 

traces 

traces 

Phosphoric  acid, 

0-45 

2-55 

1-50 

trace 

2-70 

0-50 

Carbonic  acid. 

25-70 

15-50 

25-38 

19-18 

24-20 

25-40 

Water, 

Protoxide  and  Per-  \ 
oxide  equal  to 

3-50 

500 

2-80 

4-44 

3-20 

3-00 

101-19 

101-31 

100- 

100- 

100- 

100- 

Metallic  iron,     . 

31-85 

31-36 

28-42 

31-36 

34-30 

33-81 
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A, 
B, 
C. 

E, 


Tberoofy 
The  floor, 


Photphorie  Acid.  Silica.  Metallic  Iron. 

Ayerage,                   1-28  13-42                     31-85 

Maximum,                2*70  2050                     34-30 

Minimum,                 0-45  7*45                     28*42 

External  characters  of  the  stone,-  • 

Cinnamon  oolonr,  friable,  with  white  oolitic 

grains. 
Dark  'green  colour,  compact,  without  oolitic 

grains. 
Intennediate  stone.  Compact  like  B.  without  grains,  faint  blue 

g^en  tinge. 
Light  blue  green,  fuU  of  white  oolitic  grains, 

yery  soft  stone. 
Composed  almost  entirely  of  white  grains, 

held  together  by  a  green  cement, — soft 

stone. 
The  same  as  E,  but  intersected  by  the  green 

stone,  which  is  without  white  oolitic  grains. 

Softish  stone. 

The  specimens  for  the  subjoined  analyses  were  selected  by 
taking  a  large  number  of  stones  from  the  mine,  and  crushing 
the  whole,  bj  which  a  very  perfect  average  was  obtained,  but 
of  course  the  fluctations  in  composition  cannot  be  noted  in  the 
same  way  as  in  the  preceding  experiments.  Mr  John  Pattin- 
son,  of  the  Clarence  Iron-Works,  has  also  analysed  these 
stones,  and  our  results  are  tabulated  side  by  side.  * 

Average  Analysis  of  the  Normanby  Ironstone, 


Do. 
Do. 

Do, 


J.  PattiDwrn.  1     Crowder. 

J.  PattiiitoB. 

i    Crovdtr. 

Silica, 

Top.l 

IfiMt. 

BottoB 

l,8fMt. 

15-24 

23-50 

10-36 

11-95 

Protoxide  of  iron. 

33-86 

85-08 

38-06 

3905 

Peroxide  of  iron. 

0-47 

1-43 

260 

3-69 

Alumina, 

6-92 

3-90 

5*92 

6-41 

Protoxide  of  Manganese, 

0-96 

0-74 

Lime, 

5-82 

4-56 

7-77 

635 

Magnesia, 

3-84 

3-23 

416 

3-39 

Carbonic  acid, 

2500 

22-38 

2200 

22-29 

Sulphuric  acid, 

trace. 

trace. 

Sulphur, 

0-40 

014 

Phosphoric  acid, 

1-40 

1*  4 

1-07 

1-66 

Water, 

Protoxide  and  Peroxide  1 
equal  to                     J 

3-69 

4-52 

4-45 

4-37 

97-60 

100-04 

97-27 

99-16 

Metallic  iron. 

26-66 

2  8-28 

31-42 

3296 

**  At  the  Normanby  miaea  the  band  of  stone  is  about  11  feet  in  thickness. 
The  apper  and  lower  portions  are  separated  from  each  other  by  a  thin  band 

d2 
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External  characters  of  the  stone. 

Top. — ^Dark  sage  green,  compact,  irregular  fracture,  con- 
taining a  few  shells  but  very  few  oolites. 

Bottom. — Light  bluish-green  stone,  filled  with  oolites.  I  have 
reason  to  believe,  since  making  the  above  analysis,  that  the 
determination  of  the  silica  in  the  top  seam  by  Mr  Pattinson  is 
more  correct  than  my  own,  mine  being  simply  the  insoluble 
matter  in  hydrochloric  acid,  Mr  Pattinson's  being  the  same 
fused  with  carbonate  of  potass  and  soda,  and  the  silica  ex- 
tracted therefrom.  I  have  therefore  adopted  his  average 
silica,  not  having  time  to  repeat  my  own  result. 

In  concluding  the  present  communication  it  will  perhaps 
facilitate  the  reference  of  such  of  my  readers  as  are  interested 
in  the  subject  if  I  give  a  condensed  view  of  the  average 
value  of  the  various  stones  examined. 

The  dark  blue  magnetic  from  the  quarry. 


RoseddU  Stone. 

Average, 
f  The  drift  2  miles  ftom  quarrj. 
t  Average, 

SUica. 
7-66 

11-84 

Metallic  iron. 
4314 

36-86 

Whitby  Stone. 
Raithwaite  mines, 

• 

12  to  68 

16-69  to  45  25 

r  Sleightebridge. 
1  Average, 

• 

9-80 

29-83 

Tunnel  stone. 
.  Average, 

m 

1510 

28-60 

Cleveland  Stone. 

Eston  Nab. 
.  Average, 

Phosphoric  acid. 
2-39 

11-98 

31-27 

Kutton  Low  Cross. 
Average, 

2-21 

13-86 

3009 

^  Upleatham. 
"  Average, 

1-28 

13*42 

31-85 

J  Normanby. 
.  Average, 

1-55 

12-80 

30-62 

I  have  again  to  acknowledge  the  assistance  I  have  had  from 
my  pupil,  Mr  E.  C.  Northcott,  in  the  analyses  of  several  Hose- 
dale  and  other  stones.  My  pupil,  Mr  G.  Steward,  has  also, 
in  several  instances,  rendered  me  valuable  service. 

of  pyrites.    The  apper  portion  is  about  8  feet,  the  lower  is  about  8  feet  in 
thickness. 
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Notes  on  the  Basalts  of  the  OianVs  Causeway ^  County  An- 
trim.   By  Edward  Hull,  A.B.,  F.G.S.    (Plate  I.) 

The  geological  structure  of  the  northern  coast  of  County 
Antrim  has  already  been  so  fully  inyestigated  by  a  goodly 
band  of  observers,  amongst  whom  Dr  GriflSth  and  Colonel 
Portlock  may  be  placed  in  the  front  rank,  that  I  should  no 
have  presumed  to  tread  upon  their  steps,  did  I  hold  to  the 
principle  that  what  has  already  been  even  well  described 
should  not  again  be  attempted.  Upon  such  a  principle,  what 
would  become  of  our  histories,  books  of  travel,  or  treatises  on 
moral  or  physical  science  1  The  indulgence,  therefore,  which 
is  granted  to  writers  of  all  classes  can  scarcely  j>e  denied  to 
the  geologist^  when  he  endeavours  to  reproduce  the  works  and 
investigations,  accounts  of  which  are  buried  amongst  the 
archives  of  scientific  institutions,  or  in  works  inaccessible  to 
the  general  public. 

It  will  scarcely  be  denied,  that  there  are  few  districts — ^not 
excepting  those  which  may  be  called  the  geological  "  lions''  of 
our  isles — which  have  been  so  thoroughly  explored,  that  there  is 
absolutely  nothing  left  unnoticed.  In  general,  each  observer 
seizes  upon  one  or  more  points  which  bear  upon  that  branch  of 
science  to  which  he  specially  devotes  his  attention,  and  thus, 
by  adding  his  quota  to  the  general  stock,  he  assists  in  perfect- 
ing the  whole. 

The  feature  in  the  geological  structure  of  the  Causeway 
district  which  I  shall  endeavour  more  particularly  to  dwell 
upon,  is  the  stratigraphical  position  and  relationship  of  the 
basalt,  considered  as  a  bedded  rock,  and  therefore  presenting 
many  of  the  phenomena  of  strata^  properly  so  called.  But 
even  this  view  of  the  subject  is  by  no  means  new ;  the  bedded 
structure  of  the  Antrim  basalts  being  admitted  by  nearly  all 
the  writers  who  have  undertaken  to  treat  of  them,  and  who, 
sooth  to  say,  have  left  little  unobserved  to  their  successors. 

The  physical  features  of  the  north*east  coast  of  Ireland 
are  of  no  ordinary  kind.  Whatever  may  have  been  the  ex- 
pectations formed,  they  will  probably  be  found  far  to  surpass 
them.     The  magnificent  range  of  basaltic  cliffs,  extending  for 
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Beyeral  miles  in  an  unbroken  coast-line,  is  almost  unique 
amongst  the  Britisli  Isles,  and  perhaps  is  not  much  exceeded 
in  boldness  of  aspect,  or  in  variety  and  regularity  in  the 
columnar  structure,  by  any  coast-section  in  the  world. 

The  range  of  coast-cliffs,  stretching  for  nearly  five  miles  from 
Ballintrae  harbour  to  Bengore  Head,  has  an  average  elevation 
of  500  feet,  and  in  some  places  of  fully  600  feet.  The  upper 
portions  of  these  cliffs  east  of  the  Causeway  Hotel  are  so  pre- 
cipitous, that  they  can  only  be  scaled  in  two  or  three  places ; 
and  for  one  of  these,  at  least,  the  strong  head  and  firm  foot  of 
the  native  kelp-burner  are  necessary.  In  general,  the  coast 
forms  a  succession  of  semicircular  bays,  bounded  by  vertical 
walls  of  prismatic  basalt.  The  columns  are  arranged  in  tiers 
of  superposition,  each  tier  being  distinguished  by  the  size, 
form,  or  regularity  of  its  columns ;  and  the  eflect  of  these 
courses  of  majestic  pillars  sweeping  horizontally  round  these 
natural  amphitheatres,  is  indescribably  beautiful.  From  Ben- 
gore  Head,  the  coast  bends  to  the  south-east,  and,  in  conjunc- 
tion with  the  promontory  of  Fairhead,  includes  the  Bay  of 
Ballycastle.  To  the  north-east,  the  island  of  Rathlin,  which  is 
composed  entirely  of  basalt  resting  on  chalk,*  may  be  descried, 
and  beyond  this,  in  the  distance,  the  Mull  of  Cantyre. 

The  surface  of  the  table-land  included  by  these  coast-cliffis 
is  very  dreary,  and  is  traversed  by  low  ridges  of  basalt  strik- 
ing from  west  to  east,  the  structure  of  which  will  presently  be 
explained. 

West  of  Bushmills  the  coast  is  less  elevated,  though  often 
very  rugged  and  bold.  As  far  as  the  fine  old  baronial  ruin 
of  Dunluce  Castle,  it  is  composed  of  trap  of  various  kinds, 
though  the  columnar  structure  is  seldom  exhibited ;  and  at  a 
short  distance  westward  from  the  castle,  white  smooth  cliffs  of 
chalk  rise  from  underneath  the  dark  rugged  masses  of  basalt. 
From  this  point  to  the  Bay  of  Portrush,  the  superposition  of 
these  two  diametrically  opposite  sorts  of  rock  may  be  traced 
continuously  for  a  distance  of  a  mile,  by  the  aid  of  both  natu- 
ral and  artificial  sections ;  and  here  they  present  many  points 
of  interest  to  which  we  shall  presently  revert. 

*  For  an  account  of  the  geology  of  this  island,  see  paper  by  Professor  Haugh- 
lon.    Jour.  Oeol.  Soc.     Dublin,  1861, 
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Perhaps  the  most  prominent  feature  which  at  first  strikes 
the  eye  of  the  geologist  on  viewing  the  basaltic  cliffs  of  this 
district  is  their  resemblance  to  stratified  rocks.  Indeed,  of 
so  uniform  and  regular  a  character  is  the  bedded  structure  of 
these  igneous  rocks,  that  we  are  justified,  when  treating  of 
them  en  maase^  in  applying  to  them  the  rules  which  belong 
to  aqueous  deposits.  We  may  confidently  speak  of  the 
'*  dip,"  ^'  strike,"  and  calculate  the  thickness  of  the  Giant's 
Causeway,  as  we  would  do  in  the  case  of  limestones,  or  as  has 
been  done  when  treating  of  the  "bedded  traps"  of  North 
Wales  by  the  Government  Geological  Surveyors.  It  is  re- 
markable how  persistent  are  nature^s  operations,  when  we  find 
the  igneous  rocks  of  ancient  Silurian  times  presenting  appear- 
ances identical  with  those  of  post-cretaceous  age.  I  have  seen 
on  the  northern  flanks  of  Cader  Idris  greenstone  dykes,  bed- 
ded conformably  with  the  slates  by  which  they  are  inclosed, 
besides  being  perfectly  columnar,  with  the  axes  of  the  co- 
lumns perpendicular  to  the  planes  of  bedding.  And  thus  it  is 
with  the  Causeway  basalts.  We  find  superimposed  courses  of 
columns,  in  each  of  which  the  columnar  structure  is  developed 
in  a  manner  and  degree  which  seems  to  distinguish  it  from 
the  other  courses  through  horizontal  distances  of  several 
hundred  yards ;  and  these  courses,  which  doubtless  represent 
distinct  lava-flows,  are  amongst  the  principal  causes  producing 
the  stratified  aspect.  Some  of  these  tiers  of  columns  are  of 
remarkable  regularity,  and  may  be  traced  continuously  for  pro- 
bably two  or  three  miles  along  the  highest  portion  of  the  cliffs. 
The  section  (Plate  I.  fig.  1)  taken  from  the  Horseshoe  Bay, 
gives  at  least  five  such  courses  of  columns. 

Ft  height. 

e.  The  highest,  formed  of  imperfectly  prismatic  trap,      50 
d,  Irregularly  formed  columns,  2  feet  in  diameter,      .    35 
c.  Irregular,  massive,  semiformed  columns,         .        .     50 
&,  Tier  of  small,  bent  columns,  6  inches  in  diameter, 
curved  and  radiating,  and  the  line  of  junction 

with  tier  a  well  marked, 40 

a.  The  lowest  tier,  of  perfectly  straight,  and  nearly 

vertical  columns,  uniformly  18  inches  in  diameter,    40 

At  the  base  of  the  lowest  tier  the  rock  is  covered  up  with 
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Bhingle.  The  lines  of  separation  between  a,  &,  e,  are  well 
marked,  the  others  less  so ;  but  between  Horseshoe  Bay  and 
Bengore  Head,  from  five  to  seven  tiers  of  columnar  trap  will 
always  be  found  forming  the  highest  parts  of  the  cliff. 

The  second  cause  of  the  bedded  aspect  of  the  trap  of  this 
coast  is  the  frequent  intercalation  of  beds  of  bright  red  ochre, 
and  variously  coloured  trappean  ashes,  which  Dr  Griffith  calls 
'*  the  lithomarge  beds/'  There  are  many  of  these  seams 
through  all  parts  of  the  series,  but  there  is  one  bed  which  is 
very  conspicuous,  and  extends  uninterruptedly  from  tho 
Causeway  Hotel  to  Bengore  Head,  and  beyond,  till  it  dips  into 
the  sea,  and  is  finally  lost.  Colonel  Portlock  appears  to  con- 
sider this  bed  as  a  volcanic  mud,  and  in  all  probability  it  is  a 
strictly  stratified  deposit.  It  is  affirmed  by  Dr  Griffith  to  con- 
tain pebbles  of  quartz,  and  to  pass  occasionally  into  sand- 
stone.* Amongst  the  Causeway  cliffs,  however,  the  litho- 
marge bed  occupies  a  general  position  of  200  feet  above  the 
sea ;  and  by  its  bright  red  and  purple  colours  contrasts  finely 
with  the  dark  masses  of  trap  which  enclose  it.  It  may  be 
observed  in  all  states  of  decomposition,  from  that  of  globu- 
lar trap  to  a  kind  of  red  and  purple  marl,  speckled  with  white. 
A  pathway  about  a  foot  in  width  winds  along  the  upper  part 
of  this  ochreous  bed,  which  there  could  be  little  difficulty  in 
following,  were  it  not  for  the  reflection  that  a  false  step  would 
often  be  fatal.  This  path,  however,  affords  the  only  entrance 
to  some  of  the  bays,  and  the  native  men  and  women  traverse 
it  without  hesitation.  It  is  really  thrillingly  interesting  to 
watch  for  the  first  time  a  human  being  threading  his  or  her 
way  along  the  face  of  these  precipitous  cliffs. 

The  thickness  of  this  lithomarge  bed  varies  from  10  to  40' 
feet,  and  it  divides  the  whole  mass  into  two  portions,  which 
differ  very  considerably  in  their  general  structure.  The  trap 
underneath  appears  generally  to  be  separated  into  thin  regu- 
lar beds,  in  which  we  can  find  but  very  rude  approximations 
to  the  columnar  structure ;  while,  on  the  other  hand,  the  mass 
above  the  marly  zone  exhibits  those  numerous  successive  tiers 
of  columns,  to  which  we  have  already  alluded,  and  which, 

*  Jour.  Geol.  Soc.  Dub.    Vol.  I.  Part  iii.  p.  168. 
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Yfhen  we  regard  the  regularity  of  their  arrangement  and  uni- 
formity of  size,  cannot  but  fill  us  with  surprise  and  admira- 
tion. 

The  progress  of  decomposition  in  the  marly  zone  may  fre- 
quently be  examined  in  detail,  especially  near  the  Causeway 
Hotel,  where  it  is  most  accessible.  Where  it  has  attained 
the  bright  haematitic  colour,  or  where  the  iron  has  become  en- 
tirely a  peroxide,  the  decomposition  is  most  complete ;  and 
from  this  point  the  various  gradations  may  be  traced  to  the 
opposite  condition  of  the  dark-greenish  basalt.  In  the  loca- 
lity referred  to,  there  are  also  some  instances  in  which  trap, 
which  had  assumed  the  globular  structure,  will  be  found 
in  various  states  of  decomposition.  Each  spherical  mass,  in 
this  case,  gives  off  successive  concentric  layers,  which  crumble 
away  and  change  their  colour ;  but  while  allowing  that  this 
and  the  other  partings  of  marl  and  decomposed  trap  have 
assumed  their  present  characters  to  a  great  extent  under  sub- 
aerial  conditions,  it  appears  probable,  that  this  and  the  other 
decomposed  beds  of  a  similar  nature  represent  periods  of  rest 
between  succeeding  volcanic  eruptions,  with  their  accompany- 
ing lava-flowB.  This  supposition  is  borne  out  by  the  fact,  that 
there  are  sometimes  associated  with  them  beds  of  lignite, 
which  must  certainly  have  required  tranquil  conditions  for 
their  deposition.  When,  therefore,  we  reflect  that  the  thick- 
ness of  the  tabular  trap  series  is,  as  I  shall  endeavour  to  show, 
at  least  1300  feet,  and  is  divided  by  from  30  to  40  beds  of 
this  decomposing  volcanic  sediment,  we  have  another  instance 
of  the  immense  length  of  these  geologic  cycles  which  the  mind 
assents  to  without  being  able  to  grasp. 

The  last  cause  of  the  bedded  aspect  of  the  Causeway  basalt 
which  I  shall  notice,  is  the  alternation  of  bands  of  amygda- 
loid with  others  of  an  opposite  character.  The  coast-cliffs 
between  Bushmills  and  Dunluce  Castle  offer  numerous  exam- 
pies,  one  of  which  is  shown  in  Plate  I.  fig.  2.  In  these  cases, 
the  bands  of  amygdaloid,  from  their  containing  in  their  cells 
numerous  crystals  of  zeolites,  glassy  felspar,  and  calcedony, 
are  of  a  much  lighter  tint  than  the  intervening  spaces,  while 
both  follow  the  lines  of  bedding.  It  is  difficult  to  account  for 
this  diversity  of  structure,  for  the  alternate  bands  do  not  ap- 
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pear  to  partake  of  the  nature  of  lava-flows,  the  lines  of  sepa- 
ration not  being  of  that  sharp  and  distinct  kind  which  mark 
these  phenomena  amongst  the  Causeway  Cliffs. 

The  basement  beds  of  the  Basalt.  At  the  base  of  the 
partly  inaccessible  rock,  crowned  by  the  turrets  and  battle- 
ments of  the  old  baronial  ruin  of  Dunluce  Castle,  we  find  the 
white  chalk  exposed  to  view  at  ebb  tide.  The  irregularity 
of  the  line  of  junction  with  the  trap  is  here  sufficiently  ap- 
parent ;  for  we  may  notice  an  arm  of  chalk  stretched  beside 
another  of  basalt, — ^the  intervening  bay  decked  with  forests 
of  marine  vegetation,  and  bespangled  with  actini»,  whose 
beautiful  colours  are  finely  set  off  by  the  pure  white  of  the 
chalk.  Upon  scrambling  over  the  rocks  west  of  the  castle 
for  a  few  hundred  yards,  we  at  length  come  in  sight  of  the 
smooth  cliffs  of  chalk,  worn  into  caverns,  the  roofs  of  which 
are  supported  in  natural  arches  with  their  piers,  while  the  up- 
per part  of  the  cliff  is  for  the  most  part  capped  by  dark  masses 
of  rudely-columnar  basalt.  (Fig.  3.)  The  dip  of  the  chalk,  as 
shown  by  lines  of  flint,  is  towards  the  south-east,  at  about  4^ 
That  of  the  basalt  is  nearly  parallel,  but  the  line  of  junction 
is  one  produced  partly  by  the  juxtaposition  of  the  rocks. 

The  basement  beds  of  the  basalt,  as  seen  at  Dunluce  Castle, 
are  of  a  very  remarkable  character.  Upon  first  viewing  them, 
I  supposed  that  they  were  formed  of  globular  basalt,  partly 
decomposed ;  but  upon  hammering  many  of  the  blocks,  and 
finding  each  differing  in  composition  from  its  neighbour,  I 
came  to  the  conclusion  that  the  mass  was  in  fact  a  conglo' 
merate,  ipomposed  of  waterwom  blocks  of  trap,  cemented  by 
an  ashy  paste. 

The  blocks  are  of  all  sizes,  from  5  feet  in  diameter,  and 
may  be  advantageously  viewed  in  the  seaward  cliff.  They 
afford  a  great  variety  of  trap,  and  are  generally  vesicular 
and  amygdaloidal.  There  is  no  appearance  of  bedding,  and 
the  mass  is  at  least  100  feet  thick,  resting  immediately  upon 
the  chalk.  In  the  court-yard  of  the  Castle,  one  of  these  blocks, 
which  is  subangular,  and  composed  of  dark-blue,  compact  ba- 
salt, is  fully  10  feet  in  diameter,  and  is  imbedded  in  a  trap< 
pean  ash. 

Of  a  similar  character  is  the  base  of  the  trap,  as  far  as  it 
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can  be  traced  towards  Portrush.  It  is  often  very  admirably 
displayed  in  the  picturesque  cliffs  which  bound  the  coast. 
The  lowest  portion  being  formed  of  white  chalk,  worn  into 
caverns,  arches,  and  piers,  while  the  dark  basaltic  rocks  crown 
the  summit.  (Fig.  3.)  Artificial  sections  are  also  opened  by 
the  cuttings  for  the  government  road ;  and  within  a  mile  of 
Portrush  there  is  a  section,  for  which  we  are  indebted  partly 
to  art  and  partly  to  nature,  which  must  not  be  passed  over 
in  silence.  It  exhibits  a  great  pipe  or  channel  excavated 
out  of  the  chalk,  in  depth  at  least  150  feet,  filled  in  with 
trappean  conglomerate,  identical  with  the  rock  of  Dunluce 
Castle.  This  is  a  highly  instructive  section,  as  showing  the 
nature  of  the  floor  over  which  the  molten  matter  was  poured. 
The  phenomena  presented  in  this  section  harmonize  with 
those  in  the  neighbourhood  of  Dunluce  Castle.  It  is  evi- 
dent that  the  chalk  had  undergone  considerable  aqueous  de- 
nudation, and  that  it  was  scooped  into  channels  and  hollows 
before  the  overflow  of  the  lava.  But  the  most  remarkable 
fact,  and  one  which,  according  to  Dr  Griffith,  is  universal,  is 
this,  that  the  chalk  is  no  way  altered  at  its  contact  with  the 
igneous  rock;  on  the  contrary,  it  is  as  entirely  granular 
within  an  inch  of  the  basalt  as  at  50  feet  further  down.  At 
the  junction  we  frequently  find  nothing  remaining  but  a  mass 
of  flint  gravel,  evincing  the  marine  action  just  alluded  to, 
and  upon  this  the  basaltic  conglomerate.  It  is  therefore  evi- 
dent that  in  this  locality  the  first  overflow  of  trap  was  not  in 
the  state  of  molten  matter,  but  that  it  had  become  broken  up, 
waterwom,  and  drifted,  and  had  therefore  assumed  rather  the 
nature  of  an  aqueous  than  of  an  igneous  rock.  An  example  of  a 
similar  kind  with  the  above  is  figured  and  described  by  Colo- 
nel Portlock,*  and  the  denuded  state  of  the  former  surface  of 
the  chalk  appears  to  be  coextensive  with  the  rock  itself.  The 
most  obvious  explanation  appears  to  be,  that  at  the  period 
of  the  first  outburst  of  lava  the  depth  of  the  sea  was  not 
great ;  at  least  the  eroded  surface  of  the  chalk  may  be  consi- 
dered as  evidence  of  this.  Under  this  supposition,  we  may 
conceive  that  at  some  distance  from  the  vent,  the  lava  became 

*  Rep.  Geol.  Londonderry,  p.  92. 
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broken  up  from  the  sudden  generation  of  steam,  and  the 
escape  of  gases.  If  this  hypothesis  be  correct,  the  bed  of  the 
sea  must  have  continued  sinking  during  the  subsequent  period 
of  the  eruptions. 

The  direction  of  the  coast  from  Dunluce  to  Bengore  Head 
is  nearly  parallel  to  the  strike  of  the  beds.  At  the  latter 
point,  however,  it  bends  sharply  round  to  the  south-east, 
nearly  at  right-angles  to  its  former  direction.  From  Bengore 
Head  to  Ballycastle,  the  height  of  the  cliff  gradually  dimi- 
nishes, but  it  is  still  very  bold  and  precipitous ;  and  it  is  along 
this  portion  that  the  bedded  structure  of  the  basalt  is  more 
clearly  illustrated. 

This  structure  also  exhibits  itself  in  the  configuration  of  the 
surface  of  the  country.  On  crossing  the  strike  from  north  to 
south,  we  meet  with  a  succession  of  basaltic  ridges,  presenting 
their  scarped  flanks  to  the  north-west,  and  dipping  at  small 
angles  in  an  opposite  direction.  These  are  separated  by  wide 
valleys,  generally  of  a  swampy  nature,  being  scooped  out  of  soft 
beds  of  decomposing  trap,  similar  to  the  lithomarge  bed  already 
described.  On  tracing  these  ridges  to  the  coast  we  may  see 
them  descend  in  regular  succession  into  the  sea,  at  angles  of 
from  3°  to  5"^,  and  then  project  out  to  sea,  forming  reefs,  with 
intervening  bays,  representing  the  ridges  and  valleys  of  the 
table-land. 

From  this  structure  of  the  country,  it  is  evident  that  the 
thickness  of  the  basalt  accumulates  as  we  approach  Bally- 
castle ;  when,  therefore,  we  find  in  this  locality  coal-measures 
and  chalk  (rocks  of  much  older  date)  arriving  at  the  surface, 
it  becomes  evident  that  their  presence  must  be  connected  with 
a  fault,  probably  of  very  great  vertical  throw.  I  regret  much 
that  time  did  not  permit  of  a  full  investigation  of  this  point;  but 
from  what  I  was  able  to  observe,  it  appears  to  me  that  this 
line  of  fault  has  marked  the  direction  of  the  northern  coast  of 
Fairhead  promontory ;  that  it  will  cross  the  country  a  little 
to  the  north  of  Bushmills  and  Dunluce  Castle,  and  will  vanish 
in  the  synclinal  of  Portrush  Bay,  between  the  Skerries  and  the 
main-land,  it  being  by  no  means  an  uncommon  occurrence  for 
faults  to  pass  into  rolls  of  the  strata. 

That  there  are  faults  in  this  district  later  than  the  basalt, 
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may  be  inferred  from  the  fact  of  their  occurrence  in  the 
island  of  Rathlin,  as  described  by  Professor  Haughton,*  and 
it  is  not  improbable  that  some  of  the  dislocations  which,  ac- 
cording to  him,  range  north-west,  may  be  offshoots  from  the 
main  line  which  I  have  here  indicated. 

The  throw  of  this  fanit  will  probably  be  found  equal  to  the 
whole  thickness  of  the  basalt,  measured  from  below  the  sea- 
bed at  the  Causeway  coast  to  near  Ballycastle,  and  this  can- 
not be  under  1300  feet,  and  is  probably  more.  I  am  aware, 
however,  that  Colonel  Portlock  does  not  consider  the  tabular 
basalts  to  attain  a  greater  thickness  than  700  feett  This,  how- 
eyer,  is  a  question  which  will  depend  for  its  solution  on  ac- 
curate measurements  in  the  Causeway  district. 


Notice  of  the  Copper  Turf  of  Merioneth.    By  William 
Joky  Hekwood,  F.R.S.,  F.G.S.,  Act 

The  copper  ores  which  have  been  found  in  some  abundance 
amongst  the  mountains  of  Merionethshire  haye  not  occurred  in 
such  long  and  regular  lodes  as  characterize  many  other  metal- 
liferous deposits ;  but  are  for  the  most  part,  obtained  from 
the  net-work  of  irregular  strings,  which, — chiefly  composed  of 
quartz  and  carbonate  of  lime  in  ever-varying  proportions,  and 
frequently  mixed  with  epidote  and  other  minerals— conform 
more  or  less  to  the  natural  joints  of  the  hornblende-slate  or 

greenstone. 

The  district  to  which  my  labours  were  directed  a  few  years 

ago,  is  the  wild  and  romantic  one,  well  known  to  tourists,  about 

three  or  four  miles  north-west  of  Dolgelly,  on  the  way  to  Traws- 

fynnydd ;  and  occupies  the  irregular  triangle  included  between 

the  rivers  Mawddach  and  Babi.     Although  the  surface  is 

generally  steep  and  rough,  there  are  some  gentle  declivities, 

and  small  vales  so  slightly  inclined  as  to  have  permitted  the 

formation  of  peat,  and  it  is  in  these  that  the  copper-turf  has 

been  wrought. 

*  Joarn.  Oeol.  Soe.  Dab.  t  Report,  Ac,  p.  166. 

X  Read  before  the  Royal  InftUation  of  Cornwall,  October  31, 1866. 
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At  Bryn-Coch  numerous  short,  thin  veins,  and  isolated  spots 
of  copper-pyrites  occur  in  a  small  rocky  eminence ;  and  the 
water  oozing  and  trickling  from  it  entelrs  a  field,  long  cultivated, 
but  from  its  infertility  called  Cae  Drwg  (the  bad  field).  The 
soil  was  examined  in  my  presence,  and  gave  traces  of  copper. 

At  Benrhos  there  are  small  quantities  of  antimonial  grey- 
copper  ore,  of  copper  pyrites,  and  of  the  blue  and  green  carbo- 
nates of  copper.  The  earth  which  receives  the  drainage  of  pits 
sunk  in  pursuit  of  these  ores,  gave  slight  but  unequivocal 
indications  of  copper. 

Copper-pyrites  occur  at  Tyn-y-myndd,  but  not  abundantly. 
Immediately  below,  at  Maes-y-61wysan,  the  vegetable  mould 
is  about  three  feet  in  thickness,  and  reposes  on  a  bed  of  rotten 
wood  (!  hazel)  and  decayed  roots  of  grass  of  six  inches  deep ; 
no  sign  of  copper  was  detected  in  either  of  them  ;  but  a  bed 
of  peat  beneath  afibrded  a  moderate  produce  of  copper,  and  has 
been  occasionally  wrought. 

By  far  the  best  known  and  most  extensive  deposit  of  copper- 
turf,  however  is  at  Dolfrwynog,  where  some  70  acres  of  it  were 
worked  about  40  years  ago ;  at  the  base  of  a  hill  which  forms 
the  southern  bank  of  the  Mawddwch  and  receives  the  drainage 
as  well  of  an  extensive  common,  as  of  a  long  level  driven  on  a 
vein  of  quartz,  in  which  were  found  several  irregular  masses 
of  copper-pyrites  weighing  some  tons  each.  The  chief  reposi- 
tory of  the  copper  is  a  bed  of  peat  of  about  18  inches  or  two 
feet  in  thickness,  which  consists  for  the  most  part  of  dead  grass 
mixed  with  great  quantities  of  rotten  wood  (oak  and  hazel). 
Beneath  the  peat  there  is  a  bed  of  stones  a  few  inches  in  thick- 
ness, evidently  the  debris  of  the  neighbouring  rocks.  Many 
of  the  stones  contain  iron-pyrites  in  abundance,  and  some  of 
them  are  thinly  encrusted  with  the  green  carbonate  of  copper. 
A  second  bed  of  peat  underlies  the  fragmentary  deposit,  and 
also  afibrds  copper ;  but  so  scantily  that  it  has  not  been  wrought, 
and  its  thickness  has  not  been  ascertained.  Some  of  the  lowest 
portions  of  the  upper  peat-bed  were  so  rich  in  copper,  that  they 
were  carried  to  the  Swansea  smelting  works  in  the  condition  in 
which  they  were  extracted  ;  some  of  the  leaves  are  said  to  have 
been  covered  with  a  thin  pellicle  of  bright  metallic  copper ; 
nuts  were  coated  in  like  manner,  and  on  being  broken  afforded 
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also  a  kernel  of  the  same ;  and  I  was  informed  that  the  copper 
was  in  some  cases  deposited  between  the  fibres  of  ihe  wood ;  so 
that  on  being  cut  it  exhibited  alternate  layers  of  yegetable 
matter  and  of  metal. 

These  were,  however,  exceptional  cases.  Ordinarily  the  turf 
was  cut  and  dried  by  exposure  to  the  air,  and  when  sufficiently 
dry  it  was  set  in  heaps  and  burnt.  As  the  mass  ignited, 
recently  cut  turf  was  added,  which  was  soon  dried  by  the  heat ; 
but  especial  care  was  taken  that  the  burning  heap  should  not 
burst  into  flame,  for  it  then  fuzed  into  a  slag,  which  would  not 
suit  the  purposes  of  the  smelter.  All  the  utensils  employed, 
excepting  only  those  for  cutting  the  turf,  were  of  copper,  as  it 
was  found  that  iron  ones  were  rapidly  destroyed.  After  the 
fire  had  been  continued  for  8  or  10  days  without  intermission, 
the  ashes  were  fit  for  the  furnace ;  and  they  were  then  sold  to 
the  Swansea  manufacturers. 

I  was  informed  that  in  one  year  2000  tons  of  ashes  had  been 
sold,  and  had  realized  a  profit  of  about  £20,000.  At  the  time 
of  my  visit,  there  still  remained  an  enormous  quantity  of  copper 
turf,  but  as  its  ashes  would  not  yield  more  than  about  2^  per 
cent,  of  copper,  it  was  thought  too  poor  to  be  wrought  to 
advantage. 

It  is  said  that  a  similar  formation  occurred  near  the  Parys 
and  the  Mona  copper  mines  in  Anglesea ;  but  it  was  not  wrought 
when  I  visited  them. 

Persons  conversant  with  the  copper-turbaries,  consider  the 
presence  of  metal  in  the  soil  indicated  by  the  growth  of  the 
Sea  Pink  or  Thrift  {Armeria  maritima\  which  appears  to 
flourish  there  with  remarkable  luxuriance. 

3  Clarence  Place,  Penzance,  October  29, 1856. 
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On  the  Physical  Sciences  which  form  the  Basis  of  Techno- 
logy ;  being  the  introductory  prelection  for  1856.  By 
George  Wilson,  M.D.,  F.R.S.E.,  Regius  Professor  of  Tech- 

•    nology,  University  of  Edinburgh. 

In  my  inaugural  lecture  of  last  year  I  endeavoured  to  de- 
fine the  objects  of  Technology.  I  propose,  on  this  occasion, 
to  consider  the  physical  sciences  on  which  it  is  based.  Yet 
at  the  outset,  I  cannot  but  ask  myself,  which  of  these  sciences 
does  not  lend  support  to  Technology,  and  on  what  plea  shall 
any  be  omitted  from  the  list  of  its  ministers?  In  reality 
none  can  be.  Technology  is  the  sum  or  complement  of  all 
the  sciences,  which  either  are,  or  may  be  made,  applicable  to 
the  industrial  labours  or  utilitarian  necessities  of  man.  But 
though  this  be  the  case,  certain  departments  of  knowledge 
stand  so  much  more  closely  related  than  others  to  the  recur- 
ring urgencies  of  daily  labour,  that  to  them  a  pre-eminent 
importance  must  be  assigned,  in  any  endeavour  to  number  the 
scientific  pillars  on  which  Technology  rests.  And,  in  the 
first  place,  to  narrow  our  horizon  within  limits  that  can  be 
compassed,  let  me  remind  you  that  our  science  ministers  only 
to  the  physical  necessities  of  man.  It  does  not  acknowledge 
his  imagination,  or  directly  concern  itself  with  his  ascription 
of  beauty  to  some  things,  and  of  ugliness  to  others.  It  does 
not  acknowledge  his  heart,  or  take  heed  of  his  loves  and  his 
hates,  his  exultations  and  despairs.  It  does  not  acknowledge 
his  conscience,  or  care  about  right  or  wrong,  or  afiect  any  in- 
terest in  his  moral  welfare.  It  does  not  even  pay  court  to  his 
intellect,  or  profess  sympathy  with  his  cravings  after  know- 
ledge for  its  own  sake,  his  impatience  of  ignorance,  and  long- 
ings 'for  perfection.  It  knows  him  only  as  the  paragon  of 
animals,  the  most  helpless,  though  most  gifted  of  them  all ; 
and  seeks  only  to  meet  his  fleshly  wants ;  to  enlarge  the  prac- 
tical empire  of  his  senses ;  to  make  his  arms  stronger,  his 
fingers  nimbler,  his  feet  swifter,  and  with  help  from  Hygienics, 
his  frame  more  stalwart,  himself  a  more  smoothly  moving, 
well-ordered,  living  machine. 

Putting  aside,  then,  all  questions  of  Beauty,  Morality,  or 
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Philosophy,  we  are  to  consider  where  man  can  acquire  the 
knowledge  which  will  give  his  hody  the  victory  in  the  daily 
battle  of  life.  The  problem  which  he  has  to  solve  is  a  vast 
one ;  so  vast,  indeed,  that  instead  of  attempting  to  enumerate 
the  items  which  make  it  up,  I  will  say,  in  one  word,  that  his 
capital  to  begin  with  is  one  wise  head  and  ten  skilful  fingers, 
and  that  with  these  he  must  build  such  a  Crystal  Palace  as 
the  world  saw  in  1851,  and  stock  it  with  all  its  wondrous  con- 
tents. To  solve  this  problem,  he  must  fall  back  upon  the 
sciences  which  reveal  the  properties  of  matter,  and  the  modes 
of  altering  it. 

The  sciences  in  question  are  familiarly  divided  into  Natural 
History,  on  the  one  hand,  and  Experimental  Physics,  includ- 
ing Chemistry,  on  the  other.  Natural  History,  on  this  view, 
is  the  science  of  all  those  objects,  phenomena,  and  laws, 
which  physical  nature  spontaneously  presents  to  our  view ; 
whilst  Experimental  Physics  is  the  science  of  all  the  €uidi- 
tional  objects,  phenomena,  and  laws,  which  our  interference 
with  nature  enables  us  to  bring  under  our  scrutiny. 

Such  a  twofold  division,  however,  is  not  sufficient  for  us. 
All  the  sciences   observe   and  register  the  phenomena  and 
laws  which   nature   presents  within  the  circle  allotted  to 
each;  and   are  therefore  portions   of  Natural  History,   or 
Naturalistic.    All  the  sciences,  also,  but  Astronomy,  experi- 
ment upon,  or  subject  to  trial,  the  objects  presented  by  nature 
to  each ;  and  are  therefore  Experimental.      The  difference, 
accordingly,  between  the  majority  of  the  sciences  which  are 
observational,  and  those  which  are  experimental,  is  one  only 
of  degree.     A  distinction  of  a  much  deeper  kind  lies  in  the 
fact,   that  the  experiments  which  the  one  characteristically 
makes  are  simply  more  precise  observations  of  what  nature 
presents ;  whilst  those    which   the  other  characteristically 
makes,  imply  the  transformation  or  transmutation  of  natural 
objects,  and  the  study  thereafter  of  the  results  of  such  trans- 
formations. 

In  addition,  however,  there  is  a  third  class  of  experiments, 
neither  simply  observational  nor  transformational,  but  regis- 
trative  and  directive^  in  modes  which  I  shall  presently  consi- 
der.    And,  further,  Biology,  the  science  of  Plant-life  and 
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Animal-Life,  mtist  have  a  place  to  itself,  from  the  peculiarity 
of  the  subject-matter  with  which  it  deals. 

I  would  arrange  the  physical  sciences,  accordingly,  as 
related  to  Technology,  in  three  groups. 

I.  Naturalistic,  Observational,  and  Registrative  sciences,  of 
which  the  chief  are  Astronomy  and  Geology,  including  Me- 
teorology, Hydrology,  Physical  Geography,  and  Mineralogy, 
as  well  as  descriptive  Botany  and  Zoology. 

II.  Experimental,  Transformational,  and  Directive  sciences, 
of  which  the  chief  are  Chemistry  and  Mechanics,  as  well  as 
Heat,  Optics,  Electricity,  and  Magnetism. 

III.  Organic  sciences :  namely.  Functional  or  Physiological 
Botany,  which  treats  of  the  plant-life  of  non-sentient  organ- 
isms ;  and  Functional  or  Physiological  Zoology,  which  treats 
of  the  animal-life  of  sentient  organisms. 

This  complex,  nominally  triple  arrangement,  is  essentially 
twofold,  in  its  relation  to  Technology.  The  industrialist  must 
study  one  class  of  the  physical  sciences,  or  rather  one  side  of 
all  physical  science,  to  consider  what  gifts  nature  offers  him 
with  her  liberal  hand.  He  must  study  another  class  of  these 
sciences,  or  rather  another  side  of  all  physical  science,  to  dis- 
cover how  to  turn  those  gifts  to  account.  There  is  always, 
on  the  one  hand,  something  to  be  had  for  the  taking,  a  raw 
material,  a  physical  phenomenon,  a  physical  force.  There 
is  always  a  necessity,  on  the  other  hand,  for  expenditure  of 
skill  to  effect  the  transformation  of  the  raw  material,  the 
registration  of  the  phenomenon,  the  direction  of  the  force. 
To  render  this  clear,  I  must  enter  a  little  more  fully  into  de- 
tails ;  and  these  may  be  discussed  under  three  heads. 

One  of  the  greatest  services  which  observational  science  is 
continually  rendering  to  Industrialism,  is  the  discovery  of  na- 
tural substances,  mineral,  vegetable,  and  animal,  possessed  of 
useful  but  latent  properties.  A  service  not  less  great,  is  then 
rendered  by  transformational  science  pointing  out  how  to  mo- 
dify this  gift  of  nature,  so  as  to  call  into  active  existence  its 
hidden,  precious  qualities.  Thus,  to  take  a  complex  but 
striking  example.  Through  observational  science  we  may 
discover  a  soil  more  or  less  fertile,  all  the  world  over ;  but 
transformational  science  must  show  us  how  to  fence  and  till  it, 
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how  to  drain  or  irrigate,  and  manure  it,  before  it  can  be  made 
a  fmitfal  field.  Geology,  striving  ever  to  reach  nearer  to  the 
centre  of  the  earth,  finds  coal  for  us.  Chemistry  teaches  us  how 
to  coke,  i,  6.,  literally  to  cook,  this  raw  material,  and  how  to 
distil  it  into  naphtha  and  gas.  Mineralogy  selects  iron-ores 
for  us ;  Chemistry  converts  them  into  steel ;  and  Mechanics 
forges  that  into  bars.  Descriptive  Botany  plucks  a  wild  cur- 
rant; Physiological  Botany  changes  it  into  a  sweet  grape; 
Chemistry  ferments  it  into  wine,  and  transforms  that  into 
ether.  Descriptive  Zoology  lays  its  hands  on  a  caterpillar ; 
Physiological  Zoology  nurses  it  into  a  strong  silkworm ;  Che- 
mistry bleaches  and  dyes  the  silk  which  it  spins ;  and  Me- 
chanics weaves  it  into  velvet. 

A  second  most  important  service  which  observational  science 
renders  to  Industrialism,  is  by  discovering  striking  natural 
phenomena,  such,  for  example,  as  the  eclipses  of  the  heavenly 
bodies,  the  alterations  in  the  pressure  and  temperature  of  the 
atmosphere,  the  motions  of  a  loadstone  suspended  freely,  and 
the  like ;  which  experimental  science  can  so  register  as  to 
make  them  guides  of  the  greatest  value  in  a  multitude  of 
practical  labours. 

Thus,  there  is  perhaps  no  more  familiar  natural  phenome- 
non than  that  the  sun  leaves  in  shadow  that  side  of  a  body 
which  is  turned  from  him,  and  that  this  shadow  changes  its 
place  in  obedience  to  the  apparent  motion  of  the  sun.  And 
with  no  more  than  this  fact  of  nature  made  over  to  him, 
even  the  barbaric  mechanician  constructs  bis  useful  sun-dial, 
and  the  day  measures  itself  into  hours.  So  also  the  bar 
of  steel,  which  the  experimenter  has  rubbed  with  a  natural 
loadstone,  becomes  a  compass-needle,  and  deserves  its  name, 
by  threading  the  mariner's  way  through  all  the  labyrinths 
of  the  sea.  "  The  wind,"  said  King  Solomon,  the  greatest 
naturalist  of  his  time,  ''goeth  toward  the  south,  and  tum- 
eth  about  unto  the  north:  it  whirleth  about  continually: 
and  the  wind  retumeth  according  to  his  circuits."  And  the 
sailors  of  the  ships  of  Tarshish  had,  like  our  sailors,  their 
wind^vane  and  streamers,  their  anemoscopes  and  anemometers, 
though  they  did  not  so  name  them,  to  tell  from  what  quarter, 
and  with  what  force  the  wind  blew.  The  complex  and  beautiful 
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art  of  navigation  abounds  in  examples  of  what  I  have  called 
Begistrative  Science.    The  night-glass,  the  sextant,  the  ther- 
mometer, the  barometer,  the  sympiesometer,  as  well  as  the 
compass*needle  and  the  simple  wiud«vane,  by  the  indications 
of  which  the  sailor  makes  his  ship  go  straight,  as  if  on  a 
railway,  to  the  desired  haven,  are  industrial  instruments  of  the 
highest  value.     No  one  will  doubt  this  who  visits  any  of  our 
fishing  towns  during  the  herring  season,  when  the  boats  are  at 
sea,  and  observes  how  the  straining  eyes  of  loving  mothers 
and  wives  are  fixed  on  the  weathercock,  and  those  of  faithful 
fathers  and  brothers  on  the  doubtful  barometer.    Here  natu- 
ral phenomena  are  not  merely  analysed  into  greater  simpli- 
city, which  is  the  function  of  observational  science ;  neither 
are  they  interfered  with,  which  is  the  function  of  tranforma- 
tional  science ;  but  they  are  made,  as  it  were,  to  prolong  their 
existence  till  not  merely  the  speculative  philosopher,  but  also 
the  busy  workman,  has  been  roused  to  their  presence,  and  has 
had  opportunity  to  profit  by  their  warning.     We  hold,  as  we 
may  say,  the  key  down,  and  let  the  steam-whistle  scream  till 
all  have  heard  the  ominous  note ;  we  keep  the  signal  flying 
that  all  may  see  that  the  wind  has  changed,  and  the  fleet  is 
weighing  anchor.    This  cannot  be  done  without  instruments, 
which,  if  possible,  should  be  automatic  or  self-acting ;  and 
such  instruments  are  the  fruit  only  of  much  and  varied  expe- 
rimental trial ;  yet  the  experiments,  as  something  more  than 
observational,  and  as  in  no  respect  transformational,  stand 
apart,  and  may,  till  a  more  distinctive  place  is  found  for 
them,  be  ranged  under  Registrative  Science. 

A  third  most  important  service  which  observational  science 
renders  Industrialism,  is  by  discovering  natural  powers, 
forces,  or  energies,  which  in  their  spontaneous  action  work 
both  good  and  ill  to  man ;  but  when  disciplined  and  controlled 
by  what  I  have  proposed  to  call  directive  science,  become  his 
unreluctant  slaves  and  willing  workmen. 

Thus,  meteorology  reveals  to  us  the  laws  according  to  which 
groat  currents  are  occasioned  in  the  atmosphere ;  and  then 
mechanics  builds  its  windmill,  and  the  most  impatient  breeze 
that  tries  to  hurry  past  must  stop,  and,  like  a  chained  slave, 
take  its  turn  at  grinding  corn   or  drawing  water.     "  The 
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wind,"  said  He  who  spake  as  never  man  spake,  '^  bloweth  where 
it  listeth,  and  thou  hearest  the  sound  thereof,  but  canst  not  tell 
whence  it  cometh,  and  whither  it  goeth  ;**  but  provided  only  it 
do  not  cease  to  blow,  the  mariner  can  turn  his  sail  one  way, 
and  set  his  rudder  the  other,  and  make  the  wind  carry  him 
round  and  round  the  globe,  whithersoever  he  will.  These  are 
achievements  of  Directive  Science,  and  multitudes  more  might 
be  named.  The  clock,  for  example,  moved  by  the  falling 
weight,  the  hour-glass,  with  its  noiseless  shower  of  sand, 
the  wheel  turned  by  the  stream  of  water,  the  mill  wrought  by 
the  ebb  and  flow  of  the  tide,  the  sea  salt  crystallized  by  the 
heat  of  the  sun,  the  boracic  acid  of  the  volcanic  lagoon  eva- 
porated by  the  heat  of  the  volcano,  the  direction  and  force  of 
the  wind  noted  down  on  paper  by  the  anemometer,  {.«.,  by  a 
pen  put  between  the  fingers  of  the  wind  itself,  the  photo- 
graphic pictures  which  we  compel  the  sun  to  draw  with  a 
chemical  pencil  of  his  own  providing,  as  often  as  we  choose  to 
spread  a  tablet  before  him :  those  are  but  a  few  familiar 
examples  of  the  office  of  Directive  Science.  Between  it  and 
Begistrative  Science  it  is  impossible  to  draw  a  sharp  line  of 
demarcation.  A  balance  or  steel  yard,  for  example,  falls  as 
'much  within  the  one  category  as  the  other ;  so  do  all  kinds  of 
chronometers.  But  where  we  avail  ourselves  of  a  Natural 
agency,  like  the  winds,  as  a  mechanical  motive  power ;  or  like 
solar  heat,  to  induce  chemical  change,  we  may  conveniently 
refer  it  to  Directive  Science ;  whilst  where  we  employ  such 
agency  simply  to  signal  to  us  a  change  in  events,  as  when  the 
sun-dial  marks  the  passage  of  time,  the  compass-needle  altered 
direction  in  space,  or  the  thermometer  altered  temperature  of 
the  atmosphere,  we  may  with  equal  propriety  refer  it  to  Re- 
gistrative  Science. 

Again,  as  Begistration  is  but  carefully  made,  fully  regis- 
tered, or  prolonged  Observation,  they  must  shade  into  each 
other.  It  is  important,  however,  to'  keep  them  as  distinct 
as  we  can  in  reference  to  Technology;  and  the  essence  of 
this  distinction  lies  mainly  in  the  different  nature  of  the 
instruments  which  they  severally  employ.  The  object  of 
the   naturalist,  using  that  term  in  its  widest  sense,  is   to 
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separate  the  complex  wholes  which  on  every  side  nature 
presents,  into  their  simplest  components.  His  chief  imple- 
ments, accordingly,  are  analytical,  and  are  represented  by 
such  instruments  as  the  telescope  of  the  astronomer,  the 
microscope  of  the  botanist,  the  mining  axe  of  the  geologist, 
the  hammer  of  the  mineralogist,  the  scalpel  of  the  anatomist, 
and  the  voltaic  battery  of  the  chemist. 

The  instruments  of  Begistrative  Science,  on  the  other 
hand  are,  in  the  simplest  sense  of  the  words,  significant  and 
metricaL  They  signal  the  occurrence  of  a  phenomenon ; 
they  note  the  presence  of  a  force,  indicate  the  line  of  its 
action,  and  often  also  measure  its  intensity  and  quantity. 
Such  instruments  are  the  wind-vane,  compass-needle,  ther- 
mometer, barometer,  chronometer,  yoltameter,  and  many  more. 
These  instruments  are  part  of  the  armament  of  the  Naturalist, 
who  is  free  to  use  them  all ;  but  the  disciple  of  Begistrative 
Science  is  not  equally  free  to  use  the  analytical  implements  of 
the  observer.  I  may  compare  the  difference  between  the 
function  of  the  registrars  and  the  observers  in  science,  to 
that  which  subsists  between  the  musicians  of  an  army  and  its 
fighting  men.  The  drums  and  trumpets  of  the  band  are  at  the 
disposal  of  any  combatant  officer  who  has  lawful  occasion  to 
give  a  signal  to  the  troops ;  but  the  band-master  himself 
never  meddles  with  those  exceedingly  analytical  instruments, 
the  guns  and  swords  of  the  active  combatants. 

Thus,  then,  in  all  its  departments,  and  at  all  times,  Techno- 
logy stretches  forth  both  hands :  with  the  one,  receiving  from 
the  Observational  Begistrative  Naturalist,  an  organic  or  inor- 
ganic substance,  a  physical  phenomenon,  or  a  physical  force ; 
and  with  the  other,  receiving  from  the  Directive,  Transforming 
Experimentalist,  the  means  of  changing  that  rude  material  into 
many  a  precious  product ;  that  terrestrial  or  sidereal,  or  cosmi- 
cal  phenomenon,  into  a  faithful  watcher  and  measurer,  that 
wild  force  into  a  patient,  docile  servant. 

After  this  explanation,  I  shall  fall  back  upon  the  familiar 
division  of  all  the  physical  sciences,  whether  dealing  with 
dead  or  living  matter,  into  two  groups,  viz.: — 

I.  The  Observational  and  Begistrative,  Natural  History 
Sciences. 
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II.  The  Directive  and  Transformational,  Experimental 
Sciences. 

Let  us  look  more  particularly  at  these  contrasted  groups. 
The  sciences  which  illustrate  the  contrast  best  are  astronomy 
on  the  one  hand  and  chemistry  on  the  other.  I  shall  com- 
mence with  them. 

Astronomy,  the  oldest,  the  grandest,  and  the  ripest  of  the 
sciences,  is,  in  relation  to  the  physical  objects  which  it  con- 
siders, almost  purely  observational.  When  we  study  it,  we 
are  like  men  reading  a  book  under  a  glass  case,  the  leaves  of 
which  are  slowly  turned  over  by  a  self-acting  mechanism,  so 
that  two  pages  only  can  be  studied  at  a  time.  If  we  quickly 
exhaust  the  meaning  of  these  pages,  or  tire  of  their  perusal^ 
we  cannot  hasten  the  period  when  the  leaf  will  turn  over ; 
and  if  we  miss  their  meaning,  or  wish  to  dwell  upon  it,  we 
cannot  arrest  or  delay  the  turning  of  the  leaf,  but  must  wait, 
it  may  be  for  a  lifetime,  till  the  cycle  is  complete,  and  these 
pages  are  opened  again. 

The  magnificent  clockwork  of  the  heavens,  with  all  its  fiery 
glories,  its  stately  movements,  and  faultless  machinery,  is  far 
beyond  and  above  our  slightest  interference.  We  cannot 
reach  it,  nor,  if  we  could,  dare  we  approach  to  touch  it.  The 
humiliating  contrast  which  any  comparison  of  the  two  brings 
to  light,  between  the  immensity  and  majesty  of  the  heavens 
and  the  littleness  and  impotence  of  man,  presses  too  heavily 
on  the  heart  to  allow  us  easily  to  contemplate  with  merely  in- 
tellectual eyes  the  unapproachableness  of  the  objects  of  astro- 
nomy. The  greatest  of  modem  astronomers  have  often  with 
their  lips,  and  always,  I  believe,  with,  their  hearts,  uttered 
their  amen  to  the  star-Iovlng  king  of  Israel's  confession, 
^'  when  I  consider  thy  heavens,  the  work  of  thy  fingers,  the 
moon  and  the  stars  which  thou  hast  ordained ;  what  is  man, 
that  thou  art  mindful  of  him  %  and  the  son  of  man,  that  thou 
visitest  him  ]" 

But  upon  this  moral  aspect  of  the  peculiarity  of  astronomy 
under  consideration  I  have  no  desire  at  present  to  dwell.  I 
would  rather  on  this  occasion  forget  it ;  for,  in  truth,  if  man 
has  reason  to  feel  proud  of  any  one  of  his  achievements  it  is  of 
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his  science  of  astronomy;  and  the  limitations  which  restrict  its 
study  justify  his  pride  the  more. 

Those  limitations  are  great.  Ages  before  the  existence  of 
scientific  astronomy  the  question  was  put  to  the  patriarch 
Job,  "  Canst  thou  bind  the  sweet  influences  of  Pleiades,  or 
loose  the  bands  of  Orion ;  canst  thou  bring  forth  JAazzaroth 
in  his  season  ?  or  canst  thou  guide  Arcturus  with  his  sons  ?*' 
And  when  Job  in  his  heart,  if  not  with  his  lips,  answered  the 
Almighty,  No,  he  answered  for  all  his  successors  as  well  as 
for  himself.  Astronomical  problems  accumulate  unsolved  on 
our  hands,  because  we  cannot  as  mechanicians,  chemists,  or 
physiologists,  experiment  upon  the  stars.  Are  they  built 
of  the  same  materials  as  our  planet  %  Are  they  inhabited  ? 
Are  Saturn's  rings  solid  or  liquid  1  ^Has  the  moon  an  atmo- 
sphere ?  Are  the  atmospheres  of  the  planets  like  ours  ?  Are 
the  light  and  heat  of  the  sun  begotten  of  combustion  %  and 
what  is  the  fuel  which  feeds  his  unquenchable  fires  \  These 
are  but  a  few  of  the  questions  which  we  ask,  and  variously 
answer,  but  leave  in  reality  unanswered,  after  all.  A  war  of 
words  regarding  the  revolution  of  the  moon  round  her  axis  may 
go  on  to  the  end  of  time,  because  we  cannot  throw  our  satel- 
lite out  of  gearing,  or  bring  her  to  a  momentary  stand-still ; 
and  the  problem  of  the  habitability  of  the  stars  awaits  in  vain 
an  experimentum  crmcis.  The  only  exceptions  which  may  be 
made  to  the  essentially  non-experimental  character  of  astro- 
nomy are  furnished  by  the  opportunity  granted  us  to  modify  to 
the  extent  of  our  power  the  sidereal  influences,  such  as  heat, 
light,  and  actinism,  and  the  sidereal  bodies,  such  as  the  meteoric 
stones  which  reach  our  globe.  The  sidereal  influences,  how- 
ever, have  passed  from  the  domain  of  Astronomy  into  that  of 
Physics,  before  they  come  under  our  examination ;  and  the 
meteoric  stones  are  terrestrial  minerals  before  we  can  analyse 
them.     Optics  and  Chemistry  claim  them  from  Astronomy. 

The  astronomer,  accordingly,  must  be  content  to  be  the 
chronicler  of  a  spectacle,  in  which,  except  as  an  onlooker, 
he  takes  no  part.  Like  the  sailor  at  the  mast-head  in  his 
solitary  night-watch,  he  must  see,  as  he  sails  through  space  in 
bis  small  earthly  bark,  that  nothing  escapes  his  view  within 
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the  vasty  visible  firmament.  But  he  stands,  as  it  were,  with 
folded  arms,  occupied  solely  in  wistfully  gazing  over  the  illimit- 
able ocean,  where  the  nearest  vessel,  like  his  own,  is  far  beyond 
summons  or  signal,  and  the  greatest  appears  but  as  a  speck  on 
the  distant  horizon.  His  course  lies  out  of  the  track  of  every 
other  vessel ;  and  year  after  year  he  repeats  the  same  voyage, 
without  ever  practically  altering  his  relation  to  the  innumer- 
able fleets  which  navigate  those  seas. 

Astronomy  is  thus  pre-eminently  the  Observational  Science ; 
and  represents  in  its  greatest  purity  that  function  of  the  physi- 
cal sciences  which  consists  in  the  investigation  of  the  works 
of  God,  as  untouched  by  man.  Such  investigation  is  the  basis 
of  all  our  knowledge  and  all  our  industry.  And  if  our  human 
pride  ever  tempts  us  to  undervalue  the  astronomer  as  compared 
with  his  brother  philosophers,  because  he  is  only  a  spectator, 
and  not  an  actor,  on  the  field  which  he  cultivates,  let  us  re- 
member that  the  ever-changing  spectacle  which  he  witnesses 
is  one  which  not  only  demands  for  its  full  appreciation  the 
whole  intellect  of  man,  but  far  surpasses  in  grandeur  the 
sights  which  open  to  the  eyes  of  other  students,  even  though 
they  are  free  to  add  to  the  glories  which  God  has  made  to  shine 
forth  from  all  his  works,  every  hidden  grace  which  human 
can  bring  to  view. 

This  superhuman  character  of  astronomy  was  recognized 
from  the  first.  As  a  bare  scientific  truth,  it  was  implied  in 
the  declaration  of  the  great  Greek  mechanician  Archimedes, 
that  if  he  had  a  place  whereon  to  stand  he'  could  move  the 
world.  The  ml  dTM,  the  whereon  to  stand  has  not  been 
found.  The  greatest  practical  mathematician  of  antiquity 
incidentally  proclaimed  that,  though  man  is  free  elsewhere 
to  compel  nature  to  teach  him  the  mysteries  she  seeks  to  con- 
ceal, and  to  submit  to  his  interference  with  her,  there  is  one 
territory  of  hers,  and  that  her  vastest,  where  she  brooks  no 
interference,  and  he  cannot  stretch  her  on  the  rack,  or  torture 
her  secrets  from  her.  We  have  no  standing  place  among  the 
stars,  no  liberty  to  lay  finger  upon  them.  What  we  know  of 
them  they  have  told  us,  spontaneously  revealing  at  all  epochs 
more  than  we  are  able  or  willing  to  receive.  This  thought, 
which  was  latent  in  the  Greek  philosopher's  utterance,  and  in 
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part  proclaimed  in  the  question  already  quoted  as  addressed  to 
Job,  was  announced  in  all  its  fulness  by  the  inspired  Hebrew 
king — <*  The  heavens  declare^Q  glory  of  God :  and  the  firma- 
ment sheweth  his  handiwork.  Day  unto  day  uttereth  speech, 
and  night  unto  night  sheweth  knowledge." 

Unconstrained  and  spontaneous  though  the  revelations  of 
astronomy  thus  are,  their  value  to  industrial  science  cannot 
easily  be  overrated.  Our  modes  of  measuring  space  and 
time,  and  in  connection  with  both  the  art  of  navigation,  are 
applications  to  the  most  useful  purposes,  of  truths  which  astro- 
nomy offers  freely  to  all  who  have  capacity  enough  to  receive 
them.  The  phenomena,  in  truth,  of  which  Begistrative 
Science  takes  cognizance,  are  in  great  part  furnished  by  this 
liberal  giver ;  who  has  also  taught  us  laws  regulating  many  of 
the  forces  with  which  Directive  Science  deals.  It  is  sufficient 
on  this  head  to  refer  to  the  laws  of  gravitation. 

Astronomy,  further,  is  related  to  the  Experimental  Transfer* 
mational  Sciences  in  a  very  curious  way.  If  imaginative 
men,  needlessly  fearing  that  the  progress  of  physical  science 
will  prove  fatal  to  poetry,  rejoice  that  the  sun  is  as  dazzling  to 
us  as  to  our  forefathers,  and  that  we  no  more  than  they  can 
wreathe  our  hands  in  the  golden  manes  of  his  fiery  coursers  ; 
at  least  we  can  watch  with  more  exulting  delight  the  sparks 
which  their  pawing  feet  strike  out  of  the  starry  pavement,  and 
can  see  other  than  romantic  reasons  why  they  rejoice  to  run 
their  race. 

Daily  the  conviction  deepens  among  those  who  have  studied 
the  matter,  that  with  a  few  exceptions  all  the  physical  powers 
which  man  wields  as  movers  or  transformers  of  matter  are  mo- 
difications of  sun-force.  It  was  bestowed  upon  antediluvian 
plants,  and  they  locked  it  up  for  a  season  in  the  woody  tissue 
which  it  enabled  them  to  weave,  and  afterwards  time  changed 
that  into  coal ;  and  the  steam-engine,  which  we  complacently 
call  ours,  and  claim  patents  for,  burns  that  coal  into  lever-force 
and  steam  hammer  power,  and  is  in  truth  a  sun-engine.  And 
the  plants  of  our  own  day  receive  as  liberally  from  the  sun,  and 
condense  his  force  into  the  charcoal  which  we  extract  from 
them,  and  expend  in  smelting  metallic  ores.  With  the  smelted 
metals  we  make  voltaic  batteries,  and  magnets,  and  telegraph 
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wires;  and  call  the  modified  sun-force  electricity  and  mag- 
netism, and  say  it  is  ours,  and  ask  if  we  may  not  do  what  we 
like  with  our  own. 

And  again,  the  plants  we  cultivate  concentrate  sun-force  in 
grass,  hay,  oats,  wheat,  and  other  fibres  and  grains,  which 
seem  only  suitable  to  feed  cattle  and  beasts  of  burden  with. 
But  by  and  by  a  Spanish  bull-fighter  is  transfixed  by  this 
force,  through  the  horns  of  a  bull,  and  dies  unaware  of  his 
classical  fate,  pierced  to  the  heart  by  an  arrow  from  Apollo  the 
Sun-Grod's  bow.  On  English  commons  prizes  are  run  for, 
by  steeds  which  are  truly  coursers  of  the  sun,  for  his  force  is 
swelling  in  their  muscles  and  throbbing  in  their  veins,  and 
horse-power  is  but  another  name  for  sun-power.  Nor  is  it 
otherwise  with  their  riders ;  for  they,  too,  have  been  fed  upon 
light,  and  made  strong  with  fruits  and  flesh  which  have  been 
nourished  by  the  sun.  His  heat  warms  their  blood,  his  light 
shines  in  their  eyes ;  they  cannot  deal  a  blow  which  is  not  a 
coup  de  eoleilj  a  veritable  sun-stroke ;  nor  express  a  thought 
without  help  from  him. 

In  grave  earnestness,  let  me  remind  you,  that  as  force  can- 
not  be  annihilated  any  more  than  matter,  but  can  only  be 
changed  in  its  mode  of  manifestation,  so  it  appears  beyond 
doubt  that  the  force  generated  by  the  sun,  and  conveyed  by  his 
rays  in  the  guise  of  heat,  light,  and  chemical  power,  to  the 
earth,  is  not  extinguished  there,  but  only  changes  its  form.  It 
apparently  disappears  when  it  falls  upon  plants,  which  never 
grow  without  it ;  but  we  cannot  doubt  that  it  is  working  in  a 
new  shape  in  their  organs  and  tissues,  and  reappears  in  the 
heat  and  light  which  they  give  out  when  they  are  burned. 
This  heat,  which  is  sun-heat  at  second  hand,  we  again  seem 
to  lose  when  we  use  plants  as  fuel  in  our  boiler-furnaces ;  but 
it  has  only  disguised  itself,  without  loss  of  power,  in  the  elas- 
ticity of  the  steam,  and  will  again  seem  lost,  when  it  is  trans- 
lated into  the  momentum  of  the  heavy  piston,  and  the  whirl- 
ing power  of  a  million  of  wheels. 

The  second-hand  heat  of  the  sun  appears  equally  lost  when 
vegetable  fuel  is  expended  in  reducing  metals;  but  oxidize  these 
metals  in  a  galvanic  battery,  and  it  will  reappear  as  chemical 
force,  as  electricity,  as  magnetism,  as  heat  the  most  intense ; 
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and,  in  the  electro-carbon  light,  will  return  almost  to  the  con- 
dition of  sunshine  again. 

This  second-haild  plant-heat  appears  equally  lost  when 
vegetables  are  eaten  by  animals,  but  in  reality  reappears  in 
their  so-called  animal  heat,  and  in  the  chemical,  electrical,  and 
other  forces  which  act  upon  and  within  them.  It  reappears, 
also,  I  do  not  doubt,  in  their  vegetative  life,  and  changes  into 
what  we  call  vital  force.  Do  not,  however,  misunderstand  me, 
as  going  beyond  physical  force.  Life,  remember,  is  not  mind. 
The  immaterial  spirit,  the  immortal  soul,  is  far  above  the 
Sun.  We  know  him,  and  we  know  ourselves,  but  he  knows 
neither  himself  nor  us. 

Astronomy  thus  stands  much  nearer  industrialism,  in  all  its 
departments,  than  perhaps  any  of  us  fully  realize.  I  cannot 
wonder  that  men,  even  practical  men,  were  once  astrologers. 
A  dim  sense  of  obligation  to  the  heavenly  bodies  for  something 
more  than  starlight  was  obscurely  felt  perhaps  by  all,  and 
rested,  as  the  stable  foundation-stone  of  a  worthless  building, 
at  the  bottom  of  the  fantastic  erection  which  formed  the  astro- 
logy of  the  middle  ages.  And  still  more  intelligible  is  sun- 
worship.  Only  by  a  fallen  and  a  rebel  angel  could  such  words 
be  uttered  as  ''  I  add  thy  name,  O !  sun,  to  tell  thee  how  I  hate 
thy  beams."  The  worst  of  men  would  recall  that  God 
*'  maketfa  his  sun  to  rise  on  the  evil  and  on  the  good  ;*'  and 
across  the  chasm  of  centuries  I  own  to  a  sympathy  with  the 
pagan  who  worshipped  as  a  god  the  bountiful  Sun. 

If  now  we  turn  to  Chemistry,  as  pre-eminently  the  Experi- 
mental Science,  we  shall  find  everything  reversed.  Were  we 
to  personify  ancient  chemistry,  we  should  represent  her  as  a 
speechless  priestess  of  nature,  sworn  to  silence,  loving  conceal- 
ment, and  the  most  grudging  of  givers.  She  persuaded  man- 
kind for  centuries  that  there  were  but  four  elements.  Air, 
Earth,  Fire,  and  Water ;  and  so  cunning  a  conjuror  was  she, 
that  though  in  open  day  she  was  continually  taking  them  to 
pieces  before  the  eyes  of  all,  they  did  not  detect  the  trick,  but 
pronounced  each  fancied  element  one  and  indivisible.  She 
still  stretches  forth' her  hands,  filled  with  truths  the  most  won- 
derful ;  but  those  hands  are  clenched,  and  you  must  borrow  her 


which  form  the  Basis  of  Technology.  77 

strength  before  yon  can  open  them.  Every  substance  under 
her  control  is  a  locked  casket,  with  a  concealed  key-hole,  and 
no  key.  You  must  first,  if  you  can,  find  the  key-hole,  which 
a  search  for  ages  has  often  failed  to  find  ;  and  then  study  as 
best  you  may  the  hidden  wards  of  the  lock ;  and  thereafter 
forge  not  a  pick- lock,  but  a  perfect  key,  which  in  a  multitude 
of  cases  will  open  only  the  lock  for  which  it  was  made. 

The  characteristic  attitude,  accordingly,  of  the  chemist,  is 
very  difiisrent  from  that  of  the  astronomer.  It  is  true  that  the 
former,  like  the  latter,  and  like  all  the  students  of  nature, 
must  deal  much  in  simple  observation.  The  colours,  the 
odours,  the  tastes,  the  crystalline  shapes,  the  densities,  the 
melting  and  boiling  points,  and  many  analogous  properties  or 
phenomena  presented  by  bodies,  are  carefully  noticed  and  re- 
gistered by  him.  In  observing  these,  however,  he  is  not  doing 
his  own  work,  but  that  of  the  physicist :  his  proper  work 
begins  where  that  of  the  latter  ends.  Whatever  is  brought 
him,  whether  meteoric  stone  from  the  realms  of  space,  or 
mineral  from  the  bowels  of  the  earth,  or  essence  of  plant,  or 
secretion  of  animal,  crystal  or  liquid,  or  vapour  or  gas,  he 
regards  as  coming  in  ^'  a  questionable  shape."  Is  it  a  com- 
pound ;  and  if  so,  what  are  its  ingredients  1  Are  they  com- 
pound in  a  less  degree,  or  in  essence  simple  1  Are  there  any 
bodies  truly  simple ;  and  if  so,  how  many  1  What  new  com- 
pounds is  it  possible  to  produce  by  uniting  in  ways  which 
nature  has  not  followed  the  simple  and  complex  substances 
which  she  supplies  1 

To  act  out  in  practice  those  queries  and  others,  the  chemist 
at  all  times  must  keep  both  hands  busy.  His  arms  may  never 
be  folded.  No  mighty  panorama  unrolls  itself  before  his  eyes, 
requiring  only  that  he  fix  upon  it  an  unwavering  gaze.  No 
mysterious  strangers  longing  to  unburden  their  bosoms  of 
truths  known  only  to  themselves,  seek  his  cell  as  a  confessional^ 
and  whisper  revelations  into  his  ear.  He  must  be  likened  to 
one  of  those  grim  inquisitors  of  the  middle  ages,  whom  no  man 
willingly  answered,  and  who  believed  in  no  man's  answer  unless 
he  wrung  it  from  him  by  torture.  In  truth,  there  is  a  wonder- 
ful similarity  between  the  old  drawings  of  the  inquisitors  put- 
ting their  victims  to  the  question,  and  the  old  drawings  of  the 
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alchemists  testing  the  objects  of  their  suspicions.  In  both 
cases  there  is  a  dark  subterranean  chamber^  with  ominous 
fires  lighting  up  the  gloom.  In  both  the  presiding  genius  is 
a  wasted  old  man,  with  a  haggard  look,  and  the  pitiless,  un- 
satisfied eye  of  a  bird  of  prey  which  has  often  missed  its  quarry. 
In  both,  obsequious  familiars  stand  ready  to  do  the  bidding  of 
the  senior,  and  strange  machines  and  implements  hang  upon 
the  walls  and  burden  the  floor.  In  both,  to  complete  the  picture, 
all  eyes  are  fixed  upon  the  doomed  object  of  suspicion  in  the 
centre,  from  which,  whatever  truths  mechanical  pressure  can 
crush,  or  fire  and  water  melt  or  dissolve,  will  presently  be 
gathered.  The  analogy  is  not  a  fanciful  one,  for  unless  his- 
tory has  wronged  the  mediaeval  Inquisition,  it  reversed  the 
rule  of  English  jurisprudence,  and  counted  every  object  of  its 
notice  guilty,  till  he  proved  himself  innocent:  and  such  is 
certainly  the  law  of  the  chemist,  who,  like  the  French  terrorist, 
regards  every  substance  as  *'  suspect "  of  being  something  else 
than  it  seems,  and  puts  a  mark  even  upon  those  against  whom 
nothing  has  been  proved  before  his  searching  tribunal. 

But  this  comparison  illustrates  only  one-half,  and  that  the 
less  important  half,  of  what  distinguishes  chemistry  from 
the  other  sciences.  It  is  not  that  it  experiments,  for  all 
the  sciences,  excepting  astronomy,  experiment.  Nor  that  it 
tries  to  analyze  everything,  for  every  science  is  analytical, 
none  more  than  astronomy ;  and  all  to  the  extent  of  their 
power  treat  nature  inquisitorially.  Chemistry  differs  only  in 
degree  from  the  other  sciences  in  this  respect,  although  the 
degree  of  that  difference  is  immense.  But  it  may  be  said  to 
differ  in  kind  from  the  other  sciences,  in  its  power  to  modify  or 
transform  matter,  and  to  effect  the  creation  of  new  bodies.  That 
it  can  separate  substances  into  their  simpler  ingredients,  per- 
haps into  their  veritable  elements,  is  a  legitimate  source  of 
pride ;  but,  in  relation,  at  least,  to  the  arts  of  life,  a  greater 
ground  of  exultation  is,  that  it  can  unite  those  elements  or 
ingredients  so  as  not  only  to  reproduce  the  compound  from 
which  they  were  taken,  but  to  bring  into  being,  for  the  first 
time,  compounds  new  to  man.  No  wonder,  then,  that  Nature 
is  jealous  of  her  chemical  secrets.  She  knows  that  we  shall 
never  try  to  rival  her  in  lighting  up  suns  and  stars,  in  build- 
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ing  granite  mountains  and  digging  volcanic  craters,  or  in 
shaping  blades  of  grass,  and  mannfactaring  from  it  fleeces  of 
wool.  For  the  making  of  these  she  has  the  patent  which  we 
cannot  infringe.  But  from  the  moment  that  chalk  was 
proved  to  consist  of  carbonic  acid  and  lime,  the  patent  for 
making  it  expired;  and  we  can  not  only  produce  chalk  at 
will,  out  of  its  components,  carbonic  acid  and  lime,  but  out  of 
their  elements,  carbon,  oxygen,  and  calcium,  we  can  make 
novel  compounds,  and  forestal  nature  in  her  own  market. 

The  chemist  is  thus  pre-eminently  a  transformer,  a  trans- 
muter,  a  maker ;  in  one  word,  a  creator,  to  the  full  extent  a 
mortal  can  be.  Gk>d  has  given  him  one  world ;  and,  in  addi- 
tion, has  permitted  him  to  make  as  many  worlds  from  it  as  he 
can.  And  every  day  he  is  making  a  new,  and  still  a  newer 
globe,  new  metals,  new  earths,  new  alkalies,  new  acids,  new 
foods,  new  drinks,  new  airs  to  breathe.  Alexander,  the 
Great  wept  because  he  had  not  another  world  to  conquer ;  but 
no  chemist  needs  weep  on  that  account,  for  he  may  be  first 
creator,  and  then  conqueror  of  world  upon  world.  Since  the 
century  began*,  Davy  gave  us  one  new  world ;  Berzelius  gave  us 
another ;  Liebig  a  third :  many  more  are  in  store  for  us. 

The  ancient  chemistry,  a  mute  priestess,  has  long  confessed 
that  her  oracles  are  dumb,  and  herself  listens  to  the  revelations 
of  her  unresembling  successor.  Modem  chemistry  is  an  active, 
full- voiced  workman,  a  daimonic  blacksmith,  like  the  Scandi- 
navian Thor  or  the  classical  Vulcan ;  only  I  do  not  know  that 
it  is  essential  to  our  conception  of  personified  chemistry  that 
he  should  be  represented  lame.  This  blacksmith's  chief  tools 
are  two  hammers.  The  one  of  them  he  calls  analysis ;  it  is  a 
crushing  hammer.  If  you  bring  him  anything,  no  matter  how 
rare  and  costly,  he  begs  you  to  lay  it  on  his  anvil  and  let  him 
try  it  with  his  tool.  There  are  not  many  things  in  the  world 
that  can  bear  uninjured  its  stroke.  The  few  that  can,  he  sets 
great  store  upon,  puts  aside  with  a  certain  reverence,  calls 
elements,  and  distinguishes  by  names.  Some  sixty  such  ele- 
ments are  all  that  he  has  yet  encountered ;  and,  with  an  im- 
proved hammer,  he  hopes  to  break  down  many  of  these. 
The  multitude  of  bodies  that  give  way  before  his  blows  he 
continues  to  smite  till  they  will  break  no  smaller,  and  the 
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grains  that  remain  he  separates  according  to  their  kinds,  and 
puts  into  that  parcel  of  the  sixty  invincibles  to  which  each 
belongs. 

His  other  hammer  he  calls  synthesis;  it  is  ^forging  ham* 
mer.  Beneath  its  strokes  any  two  or  more  of  the  sixty  nnr 
broken  residues  of  his  crushing  work  can  be  welded  together, 
made  to  incorporate  into  new  substances,  and  assume  new 
forms.  Two,  ten,  twenty,  the  whole  sixty  simplest  bodies 
may  be  taken,  in  equal  or  unequal  quantities,  and  from  each 
of  the  endless  mixtures  a  new  wonder  will  take  shape  under 
the  hammer.  * 

So  he  stands  with  a  weapon  in  each  hand,  for  he  is  ambi- 
dextrous ;  and  moreover,  he  can  wield  both  weapons  at  once. 
I<9[either  are  these  his  only  tools.  Equipped  with  them  and 
with  others,  the  chemist  is  pre*eminently  a  transformer,  from  the 
four-fold  force  which  he  can  bring  to  bear  upon  material 
things. 

First;  He  can  analyse  or  decompose  them  into  their 
last  elements,  and  avail  himself  of  these,  as  he  does,  for 
example,  when  he  extracts  the  sulphur  and  the  metal  of  an 
ore,  and  uses  both  ;  or  when  he  takes  out  of  salt  the  chlorine, 
and  bleaches  with  it ;  and  the  sodium,  and  makes  soap  with  it. 
Or  he  can  partially  analyse  them,  reducing  them  from  their 
native  great  complexity  to  perfect  simplicity,  step  by  step ; 
doing  this  by  steps  of  different  length,  and  obtaining  some- 
thing useful  at  each  stage.  Thus,  instead  of  at  once  decomposing 
sugar  into  carbon,  hydrogen,  and  oxygen,  he  can  stop  short  of 
this,  and  decompose  it  into  charcoal  and  water ;  or  into  alcohol 
and  carbonic  acid ;  or  into  oxalic  acid  and  carbonic  acid ;  or  into 
the  acid  of  milk  (lactic  acid) ;  or  into  the  acid  of  butter 
(butyric  acid);  or  into  manna  and  gum;  or  into  mixtures  of 
various  of  these,  and  of  other  peculiar  and  highly-prized 
products* 

Secondly ;  He  can  unite  bodies,  so  as  to  obtain  artificially 
compounds  which  are  rare  in  nature  or  difficult  to  procure. 
Thus,  instead  of  digging  in  lUyria  for  cinnabar,  he  heats 
together  sulphur  and  quicksilver,  and  makes  vermilion  in 
England ;  instead  of  sending  to  the  Italian  volcanoes  for  alum, 
he  makes  it  at  home  from  clay  and  oil  of  vitriol ;  instead  of 
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burning  sea-weeds,  in  Shetland,  to  get  carbonate  of  soda,  or 
sailing  to  India  for  saltpetre,  he  produces  these  at  his  own 
door,  by  uniting  their  constituent  acids  and  bases.  Further, 
out  of  the  sixty  elements  he  manufactures  compounds  of  the 
greatest  value  to  the  industrialist,  which  are  not  to  be  found 
in  nature  at  all,  such  as  brass,  gun-metal,  cast-iron,  steel,  per* 
cussion-powder,  bleaching  powder,  chloroform. 

Thirdly  ;  He  can  take  certain  constituents  from  a  compound 
whilst  he  adds  in  their  place  others,  so  that  analysis  and  syn- 
thesis proceed  side  by  side.  Thus  he  removes  oxygen  from 
iron  ore,  and  replaces  it  by  carbon,  converting  thereby  the 
iron  into  steel.  He  begins  with  a  carbonate,  and  replaces  the 
carbonic  acid  in  it  by  sulphuric,  nitric,  acetic,  or  other  acids, 
so  as  to  convert  it  into  a  sulphate,  nitrate,  or  acetate.  He 
takes  carbon,  hydrogen,  and  oxygen  from  alcohol,  and  adds 
chlorine,  transmuting  the  spirit  into  chloroform.  Such  pro* 
cesses  of  substitution  are  perhaps  the  most  common  of  all 
the  transformative  methods  of  the  chemist,  and  they  often 
imply  complete  exchange  among  all  the  elements  of  very 
complex  compounds. 

Fourthly  and  lastly;  He  can  transform  bodies,  without 
taking  ingredients  from  them  or  adding  ingredients  to  them. 
By  a  new  arrangement  of  particles,  implying  neither  loss  nor 
gain  of  weight  or  substance,  one  body  may  be  converted  into 
another  of  properties  totally  different.  Thus  starch  can  be 
changed  into  gum,  and  gum  into  sugar,  and  sug^r  into  wood- 
fibre.  A  neutral  salt  may  become  a  powerful  base  ;  a  volatile 
odorous  liquid  an  indifferent  crystalline  solid.  Chemistry 
looks  in  no  direction  more  hopefully  than  in  this  for  new 
triumphs  over  matter. 

There  are  thus  four  means  of  inducing  chemical  change, 
resembling  familiar  arithmetical  processes.  The  first,  a  pro- 
cess of  simple  subtraction  ;  the  second,  a  process  of  simple  ad- 
dition ;  the  third,  a  process  where  certain  figures  are  annexed 
and  others  removed ;  the  fourth,  a  process  where,  without 
altering  the  total  number  of  figures,  the  value  of  each,  and  of 
the  sum  total  is  changed,  by  changing  their  relative  decimal 
places. 

Astronomy  and  Chemistry  thus  stand  at  opposite  poles ; 
although  no  one  who  studies  both  can  fail  to  perceive  that  the 
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stars  of  the  one  science  are  represented  by  the  atoms  of  the 
other,  and  that  it  is  felt  to  be  as  natural  to  speak  of  the 
atmosphere  of  an  atom  as  of  the  atmosphere  of  a  star.  The 
ancient  vague  alliance  between  astrology  and  alchemy  has  not 
been  repealed,  but  only  by  wise  restriction  and  enlargement 
made  the  modem  explicit  and  intelligible  bond  between 
astronomy  and  chemistry.  They  agree  in  being  observational 
and  analytical,  but  differ  inasmuch  as  of  the  two,  chemistry 
alone  is  synthetical,  synthetico-analytical,  and  transforma^ 
tional.  And  although  as  a  science  chemistry  is  not  more 
essentially  analytical  than  astronomy ;  all  the  sciences,  as 
already  urged,  being,  according  to  the  limits  of  their  domain, 
equally  analytical ;  as  an  applied  science,  t.^.,  as  an  art,  its 
powers  of  analysis  give  it  pre-eminence.  In  popular  lan- 
guage, this  word  "  analysis  "  is  understood  to  signify  chemical 
analysis,  nor  need  the  analysts  of  the  other  sciences  complain 
of  this.  It  is  the  utilitarian  value  of  the  material  products  of 
such  analysis,  not  the  fact  or  mode  of  its  performance,  that 
chiefly  leads  to  the  appropriation  by  Chemistry  of  the  term. 
The  analysis  by  the  telescope  of  the  milky  way  into  a  firma- 
ment  of  stars ;  of  nebulae  into  clusters  of  them ;  of  one  evening 
star  into  a  Jupiter  with  four  moons  ;  of  another  into  a  Saturn 
with  rings ;  of  a  third  into  a  double  star,  with  each  twin  differ- 
ently coloured,  are  performances  as  wonderful  as  the  analysis  of 
water  into  oxygen  and  hydrogen,  or  of  vermilion  into  sulphur 
and  mercury.  But  the  moons  of  Jupiter  have  no  industrial 
applications,  and  the  rings  of  Saturn  do  not  alter  in  market 
value;  the  Milky  Way  has  not  become  more  nourishing 
since  the  gods  vanished  from  the  sky;  nor  is  a  double  star 
of  more  use  than  a  single  one.  Microscopic  analysis,  ana- 
tomical analysis,  crystallographic  analysis,  yield  results  as 
curious  and  as  important  as  any  yielded  by  chemical  analysis, 
but  they  have  little  interest  for  the  Industrialist.  It  matters 
not  to  the  manufacturer  of  phosphorus  what  the  microscopic 
characters  of  a  bone  are,  but  a  great  deal  what  its^  chemical 
composition  is.  It  matters  nothing  to  the  farmer  what  the  shapes 
are  of  the  fossil  infusorisB  in  the  soil  he  tills,  but  a  great  deal 
what  the  chemical  constituents  of  that  soil  are.  It  matters 
little  to  the  gunpowder  maker  what  the  crystalline  forms  of 
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sulphur  and  saltpetre  are,  but  he  attaches  the  greatest  value 
to  the  question  of  their  chemical  purity. 

There  is  another  reason  why  the  word  "  analysis,"  unless 
qualified,  should  be  so  generally  understood  to  signify  chemi- 
cal analysis.  Chemistry,  alike  as  a  science  and  an  art,  does 
not  merely  separate  the  complex  material  wholes  with  which  it 
deals,  into  their  simpler  and  simplest  ingredients,  but  com- 
pletely detaches  each  of  these  from  the  rest,  and  handles  it 
apart.  We  do  not  merely  know  that  water  consists  of  hydro- 
gen and  oxygen,  but  these  themselves  are  ours,  to  examine  as 
minutely  as  we  please.  The  solitary  exception  presented  by 
the  element  Fluorine,  which  chemical  science  can  logically 
analyse  out  of  its  compounds,  but  which  chemical  art  cannot 
concretely  isolate  and  exhibit,  makes  the  contrast  in  all  other 
cases  the  more  remarkable.  No  doubt  our  means  of  mechani- 
cal analysisi  and  isolation  are  very  great,  as  geology,  mine- 
ralogy, anatomy,  and  physics,  generally  illustrate.  Their 
modes  of  application,  however,  and  their  results,  are  less 
numerous  and  far  less  striking  than  those  of  chemical 
analysis.  The  mechanical  part,  for  example,  of  metallurgy, 
with  its  minings  and  diggings,  its  crushings  and  sortingSy  its 
siftings  and  washings,  which  are  all  processes  of  analysis  and 
isolation,  makes  no  such  impression  on  us  as  the  chemical  part 
of  metallurgy,  where  the  blast-furnace  resolves  iron  ore  into 
oxygen  and  iron ;  and  the  clay-still  resolves  cinnab^  into 
quicksilver  and  sulphur ;  and  the  cupel  extracts  silver  from  a 
mixture  of  metals.  The  greater  impressiveness  of  diemical  as 
compared  with  mechanical  analysis,  largely  depends  upon  the 
greate  rapidity  with  which  tlie  former  can  be  executed,  and  its 
results  rendered  visible.  You  let  fall  a  drop  of  oil  on  the  liquid 
chloride  of  nitrogen,  and  on  the  instant  it  is  resolved  into  its 
component  gases.  You  strike  a  fulminating  crystal,  or  heat  a 
lock  of  gun-cotton,  and  in  a  moment  every  element  in  either 
is  set  free.  You  expose  a  salt  of  silver  for  a  second  to  the 
sun,  and  silver  appears.  You  add  a  little  green  vitriol  to  a 
solution  of  gold,  and  the  gold  is  at  once  deposited.  You 
plunge  the  poles  of  a  galvanic  battery  into  water,  and  torrents 
of  hydrogen  and  oxygen  instantly  rise  from  the  liquid.  No 
science  but  chemistry  can  show  such  things  ;  and  if  the  prac- 
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tical  chemist  does  not  analyse  quite  so  swiftly  as  such  feats 
would  imply  that  he  might,  he  nevertheless  always  analyses 
swiftly.  But  skill  to  analyse,  forms,  as  we  have  seen,  but  one- 
fourth  part  of  the  chemist's  power.  He  can  build  up  as  well 
as  pull  down  ;  he  can  do  both  at  once,  and  he  can  transmute 
without  doing  either,  and  all  as  swiftly  as  he  analyses.  This 
four-fold  power  and  this  immense  energy  place  chemistry  at  the 
head  of  the  experimental  transformational  sciences;  and 
render  it  as  an  art  so  mighty  in  effecting  useful  changes  upon 
matter.  It  is  the  type  of  the  one  group  of  industrial  sciences, 
as  astronomy  is  of  the  other. 

Astronomy  is  severely  observational  as  a  science,  and  pas- 
sively registrative  as  an  art.  At  best  it  lifts  up  its  hand  only 
to  warn,  and  stretches  forth  its  finger  only  to  point.  Chemistry 
is  inquisitorially  scrutinising  as  a  science,  and  actively  change- 
ful as  an  art.  It  lays  its  hand  upon  everything  within  its 
reach,  and  is  never  content  till  it  has  made  some  alteration 
upon  it.  The  symbol,  accordingly,  of  astronomy,  is  an  Eye ; 
the  symbol  of  chemistry  is  a  Hand :  not  that  astronomy  is 
handless,  or  chemistry  eyeless  ;  but  the  power  of  the  former  is 
in  its  eye  ;  the  power  of  the  latter  is  in  its  hand.  The  symbol  of 
industrial  science  is  a  hand  with  an  eye  in  the  palm,  and  the 
fingers  free.     Let  this  be  the  crest  of  the  Industrial  Museum. 

The  other  physical  sciences  rank  between  those  two,  stand- 
ing nearer  to  the  one  or  the  other,  as  they  are  predominantly 
observational  or  experimental.  Nearest  to  astronomy  stands 
geology.  The  magnitude  of  the  objects  with  which  it  deals, 
small  though  they  are  compared  with  those  which  concern 
astronomy,  places  them  in  greater  part  beyond  human  inter- 
ference. And  the  same  influence  which  illimitable  space 
exerts  in  astronomy,  by  lifting  the  stars  to  heights  inaccessible 
by  us,  immeasurable  time  exerts  in  geology,  by  enlarging  her 
almanac,  so  that  less  than  a  line  suffices  for  all  the  genera- 
rations  of  the  most  ancient  race. 

Yet  geology  is  visibly  an  experimental  science,  which 
astronomy  is  not.  Our  experiments  upon  the  earth  have 
indeed  been  more  frequently  incidental  than  designed,  yet 
human  feet  have  not  trod  the  globe  for  thousands  of  years 
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without  leaving  foot-prints  upon  it.  And  although  with  all 
oar  mines,  tunnels,  canals,  bridges,  roads,  railways,  break- 
waters, and  harbours,  we  make  no  greater  change  on  the  crust 
of  the  globe  than  the  earth-worms  do  on  the  soil  of  our  gar- 
dens, or  the  sea-slugs  on  the  sand  of  our  shores ;  still,  like 
them,  we  do  leave  behind  us  an  impression  which  is  not  only 
immense,  as  tried  by  human  standards,  but  sufficient,  we  may 
believe,  permanently  to  distinguish  our  planet  from  all  others. 
Such  determinations,  also,  as  those  of  the  heights  of  moun- 
tains, the  depths  of  oceans,  and  the  limits  of  our  atmosphere : 
such  observations  as  those  of  the  size,  and  the  shape,  and  the 
weight  of  the  earth :  such  bold  questions,  boldly  answered  in 
the  affirmative,  as — *'  Is  the  sea  open  to  the  four  winds  of 
Heaven  \  and  may  we  sail  upon  it  whithersoever  we  will  1 : 
'*  Is  there  a  great  continent  to  the  west  of  Europe,  behind  the 
arch  of  the  sea;  aland  of  gold,  near  the  setting  sun?  Is 
the  ocean  a  sphere  as  well  as  the  land,  and  may  we  let  loose 
from  our  sea-rock  without  anchor  on  board,  and  measure  the 
great  circle,  floating  every  day  on  new  waters,  till  we  moor 
beneath  the  white  cliffs  of  our  sea-rock  again  V  Such  achieve- 
ments, although  a  strict  logic  must  refer  them  solely  to  obser- 
vational science,  inasmuch  as  they  imply  no  transformative 
power  over  the  objects  with  which  they  deal,  yet  include  in 
the  instruments  with  which  they  are  effected,  so  many  fruits 
of  transformative  experiment,  and  are  wrought  out  so 
thoroughly  in  its  spirit,  that  we  cannot  easily  reconcile  our- 
selves to  calling  their  heroes  simply  observers.  They  plainly 
deserve  a  middle  place.  Geology  is  half  of  the  heavens: 
half  of  the  earth.  She  stands  an  imperial  queen,  with  her 
head  among  the  stars,  and  her  tresses  are  white  with  the 
snows  of  ages  ;  but  her  feet,  graceful  and  quick,  are  beneath 
the  young  grass,  and  are  wet  with  the  dews  of  to-day.  Her 
hands  are  often  raised  to  shade  her  eyes,  as  she  gazes  through 
space  to  exchange  greetings  with  each  sister-presence  in  the 
worlds  around.  But  her  fingers  are  as  often  busy  with  homely 
cares,  and  with  bended  forehead  she  traces  for  the  tenant-lord 
of  her  estate  the  best  track  for  his  railway  and  channel  for 
his  canal,  and  shows  him  where  to  find  coal  and  iron,  and  how 
to  digfor  gold.  The  geologist,  indeed,  is  so  essentially  a  miner, 
a  quarryman,  a  rock-blaster,  a  ^tone-breaker,  a  hill-climber, 
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and  leyeller,  that  we  do  not  realize  him  without  such  tools  in 
his  hands  as  to  the  imagination  appear  more  potential  than  mere 
instruments  of  observation.  Geology  thus  forms  a  link  between 
the  contrasted  groups  of  sciences.  It  is  to  some  extent  experi- 
mentally transformational,  and  will  slowly »  as  the  ages  roll  on, 
become  more  possessed  of  this  character.  Registrative^  it 
scarcely  is  at  all.  It  does  not,  for  example,  warn  us  of  earth- 
quakes, but  only  tells  us  when  they  are  past ;  and  we  can 
scarcely  call  it  Directive.  It  is  of  the  greatest  importance,  how- 
evei:,  to  industrialism,  in  its  purely  observational  character,  as 
dealing  with  the  globe  as  a  great  store-house  of  mineral  matters 
of  the  highest  value.  I  need  but  name  building  stones,  metallic 
ores,  the  constituents  of  glass  and  porcelain,  coal,  and  lastly 
water. 

Next  to  Chemistry,  as  an  Experimental  Science,  wielding 
immense  transformative  power,  stands  Mechanics.  I  include 
under  this  term  the  science  of  force,  not  only  as  determining 
the  rest  and  sensible  motion  of  masses  or  particles  of  matter  ; 
but  also  as  determining  all  structural  or  molecular  changes  in 
bodies,  whether  solid,  liquid,  or  gaseous,  which  are  not  pro- 
duced by  chemical  alterations,  or  by  the  vital  agencies  at 
work  in  plants  and  animals.  Were  this  identity  between 
mechanical  force,  and  all  molecular  force  which  is  not  certainly 
chemical  or  vital,  made  the  ground  of  positive  deductions  in 
natural  philosophy,  it  would  be  liable  to  the  gravest;  objections. 
But,  regarded  simply  as  an  assumption,  awaiting  refutation, 
verification,  or  correction,  as  knowledge  progresses,  it  will 
involve  us  in  no  speculative  error,  whilst  it  greatly  simplifies 
our  study  of  many  of  the  practical  applications  of  science. 
There  are  few  technical  processes,  for  example,  more  impor- 
tant than  the  tempering  of  steel,  the  annealing  of  glass,  and 
the  crystallization  of  salts ;  yet  how  far  the  structural  of 
molecular  changes  which  it  is  the  object  of  those  processes  to 
produce,  imply  only  a  mechanical,  or,  as  is  most  probable,  also 
a  chemical  change  in  the  relative  arrangement  of  their  par- 
ticles, is  unknown.  As  however  no  loss  or  gain  of  element  or 
iugredient,  or  any  other  sensible  chemical  change  occurs,  whilst 
a  very  appreciable  mechanical  alteration  happens,  it  is  con- 
venient to  disregard  in  technological  discussions  the  possibility 
of  the  former  kind  of  transformation  occurring,  and  to  recog- 
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nize  the  occurrence  only  of  the  latter.  The  relati  n  of  vital 
to  mechanical  force  will  be  considered  hereafter. 

The  transformative  power  of  Mechanics  over  matter  comes 
before  ns  as  industrialists  in  a  threefold  way.  First;  As 
furnishing  a  motive  power  which  can  be  directed  on  masses 
both  large  and  small,  so  as  to  throw  them  into  motion. 
Second ;  As  famishing  a  means  of  inducing  change  by  altera^ 
tions  in  the  external  configuration  of  bodies.  Third  ;  As  fur- 
nishing a  means  of  inducing  molecular  change  in  a  mass  with- 
out alteration  of  its  external  configuration  or  production  of 
sensible  motion. 

So  far  as  the  first  is  concerned,  I  need  scarcely  remind  you 
that  there  is  scarcely  an  industrial  art  which  does  not  in  some 
of  its  departments  require  a  motive  power.  A  steam-engine 
is  scarcely  wanting  from  a  single  utilitarian  establishment. 
Places  so  unlike  each  other  as  a  farm,  a  dye- work,  a  cotton 
factory,  a  stone-cutter's  yard,  and  a  wood-carver*s  shop^  have 
alike  this  indispensable  engine,  or  some  substitute.  This 
necessity  is  curiously  illustrated  by  the  same  word  mill  being 
applied  to  industrial  establishments  of  the  most  opposite 
character.  We  speak,  for  example,  of  a  flour-mill,  a  cotton- 
mill,  a  gunpowder-mill,  and  a  saw-milL  As  examples  of  the 
application  of  motive  power  to  the  production  of  mechanical 
transformation,  I  shall  content  myself  here  with  referring  to 
the  conversion  of  wool,  silk,  flax,  and  cotton,  into  woven 
fabrics,  and  of  rags  into  paper. 

So  far  as  the  second  aspect  of  mechanical  force  is  concerned, 
namely,  as  an  inducer  of  alterations  in  the  external  configura- 
tion of  bodies,  it  will  be  sufficient  here  to  refer  to  the  arts  of 
the  stone-cutter  and  wood-carver,  and  to  those  of  sculptors, 
carvers,  and  engravers  of  all  kinds. 

As  for  the  third  aspect  of  mechanical  force,  namely,  to  in- 
duce internal  molecular  change,  such  processes  as  the  temper- 
ing of  metals,  the  annealing  of  glass,  and  the  baking  of  por- 
celain, in  certain  of  its  stages,  may  serve  as  illustrations. 

In  contrasting  mechanical  with  chemical  transforming 
force,  it  is  curious  to  notice  how  in  one  respect  the  former 
is  the  more  imposing,  in  another  the  latter.  Mechanical 
force,  when  exerted  as  a  motive  power,  can  be  employed 
by  man  on  a  much  grander  scale  than  the  similar  power  of 
chemical  force,  except  in  the  case  of  explosives.    Artificial 
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chemical  processes,  again,  on  however  large  a  plan  they  are  son- 
ducted,  are,  with  few  exceptions,  such  as  that  of  the  iron  blast- 
furnace, striking  only  in  their  results.  But  the  movements  of 
massive  pieces  of  machinery,  even  though  moving  aimlessly, 
still  more  when  working  for  a  purpose,  always  awaken 
in  us  the  idea  of  power ;  and  often  also  create  emotions 
of  awe  and  sublimity  akin  to  those  which  are  begotten 
by  the  spectacle  of  great  natural  phenomena.  The  sweep  of 
of  a  railway  train  across  the  country,  and  the  dash  of  a 
war-steamer  against  the  waves  with  which  it  measures  its 
strength,  never  become  paltry  pageants,  even  though  we  are 
Ignorant  of  the  errands  on  which  these  swift  coursers  are 
bound.  Still  more  striking  are  those  actions  of  machinery 
which  involve  not  only  swift  irresistible  motion,  but  also 
transformation  of  the  materials  on  which  the  moving  force  is 
exerted.  Take,  for  example,  a  cotton-mill,  which  some  never 
tire  of  representing  as  dreary  and  prosaic.  In  the  basement 
story  revolves  an  immense  steam-engine,  unresting  and  un- 
hasting  as  a  star,  in  its  stately,  orderly  movements.  It 
stretches  its  strong  iron  arms  in  every  direction  throughout 
the  building ;  and  into  whatever  chamber  you  enter,  as  you 
climb  stair  after  stair,  you  find  its  million  hands  in  motion,  and 
its  fingers,  which  are  as  skilful  as  they  are  nimble,  busy  at  work. 
They  pick  cotton  and  cleanse  it,  card  it,  rove  it,  twist  it,  spin 
it,  dye  it,  and  weave  it.  They  will  work  any  pattern  you 
select,  and  in  as  many  colours  as  you  choose ;  and  do  all  with 
such  celerity,  dexterity,  unexhausted  energy,  and  skill,  that 
you  begin  to  see  what  was  prefigured  in  the  legend  of  Michael 
Scott,  and  his  "  Sabbathless  "  demons  (as  Charles  Lamb  would 
have  called  them),  to  whom  the  most  hateful  of  all  things  was 
rest,  and  ropemaking,  though  it  were  of  sand,  more  welcome 
than  idleness.  For  my  own  part,  I  gaze  with  untiring 
wonder  and  admiration  on  the  steam  Agathodeemons  of  a 
cotton-mill,  the  embodiments,  all  of  them,  of  a  few  very 
simple  statical  and  dynamical  laws ;  and  yet  able,  with  the 
speed  of  race-horses,  to  transform  a  raw  material,  originally 
as  cheap  as  thistledown,  into  endless  useful  and  beautiful 
fabrics.  Michael  Scott,  had  he  lived  to  see  them,  would 
have  dismissed  his  demons  and  broken  his  wand. 

Yet  magnificent  as  the  scale  is  on  which  many  mechanical 
transformations  occur,  they  are  to  a  great  extent  undervalued 
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because  there  is  nothing  mysterious  about  them.     However 
great  the  difference  between  the  raw  material  and  the  finished 
product,  we  can  follow  each  step  in  the  transition  from  the  one 
to  the  other.    The  Portland  Vase,  for  example,  is  as  different, 
in  one  respect,  from  the  ball  of  vitreous  jelly  out  of  which  it 
was  elaborated,  as  in  another,  that  jelly  is  from  the  sand  and 
alkali  and  metallic  oxides,  which  were  melted  together  to  pro- 
duce it.     Rarely-gifted  hands  and  nice  tools  were  needed  to 
furnish  the  mere  outline  of  that  beautiful  vessel ;  still  more  to 
carve  the  exquisite  shapes  which  are  sculptured  upon  it.     Its 
materials,  on  the  other  hand,  are  of  the  cheapest ;  and  the 
most  ignorant  slave  had  skill  enough  to  melt  them  together. 
Yet  we  can  realise  each  step  in  the  mechanical  workmanship ; 
and  some  lookers  on ;  if  none  others,  the  artists  themselves, 
saw  the  whole  grow  into  beauty  under  their  eyes,  like  Aphro- 
dite rising  from  the  glassy  sea.     But  no  one  saw  or  can  see 
the  sand  and  alkali  change  into  glass,  or  can  realise  what 
happens  during  the  transmutation.     The  most  critical  part  of 
the  process  is  effected  per  saltum  ;  and,  as  with  children  try- 
ing to  watch  themselves  fall  asleep,  our  eyesight  and  con- 
sciousness fail  us  at  the  very  moment  when  the  mystery  lies 
bare,  and  the  secret  is  open  to  view.     It  is  so  with  every 
chemical    process:     bleaching,    dyeing,  fermenting,   ether- 
making,  reducing  of  metals,  firing  of  gunpowder.     The  sub- 
stances taking  part  in  each  reaction  are  like  masqueraders 
crossing  a  bridge,  the  crown  of  which  is  hidden  by  clouds. 
You  trace  them,  letting  no  movement  escape  you,  as  they 
climb  from  one  side  leisurely  towards  the  elevated  centre,  and 
enter  the  shadowing  cloud,  but  though  it  seems  quite  transparent, 
its  entrants  grow  suddenly  invisible,  and  when  you  next  catch 
sight  of  them  descending  on  the  other  side,  they  are  trans- 
figured and  totally  changed. 

This  occult  character  of  chemical  force  appeals  not  only  to 
that  vulgar  wonder  which  holds  omne  ignotum  pro  magnifico^ 
but  provokes  the  chastened  curiosity  of  the  philosopher,  who 
cannot  divine  what  or  how  many  unexpected  figures  may 
emerge  from  each  enigma,  and  alter  the  value  of  all  his  cal- 
culations. 

The  mechanical  powers  are  like  stalwart  giants  of  Northern 
blood,  standing   erect  and   naked   to  the  waist,   with  their 
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ponderous  tools  beside  them,  and  their  fair,  frank  faces,  igno- 
rant of  guile,  opening  their  blue  eyes  calmly  upon  us.  They 
possess  only  strength  and  skill,  and  obedience  to  laws  so  few 
and  simple  that  they  can  be  made  plain  to  any  intelligent 
child.  We  respect  and  admire  them ;  but  we  feel  that  we  can 
measure  their  height,  and  take  the  girth  of  their  arms,  and 
we  are  not  afraid  to  calculate  the  horse^power,  immense  though 
it  iSi  which  lies  in  the  bend  of  each  of  their  little  fingers. 

The  chemical  forces  are  like  supple  Eastern  jugglers,  with 
swarthy  brows,  and  lustrous,  unfathomable  eyes,  who  never 
look  you  straight  in  the  face,  or  measure  glances  with  you. 
They  are  robed  in  gauze,  which  seems  transparent  like  glass  ; 
but  when  you  try  you  can  see  nothing  through  it.  The  in- 
struments in  their  girdles  are  like  children's  playthings  ;  and 
the  lighted  lamp,  which  they  always  keep  near  them,  has  no- 
thing to  distinguish  it  from  ordinary  lamps.  You  may  be 
indifferent  when  they  stretch  forth  their  slender  arms,  and 
ask  you  for  the  stone  beneath  your  feet ;  but  you  are  startled 
when,  after  some  sleight-of-hand,  you  receive  in  its  stead  a 
steel  blade  or  a  sphere  of  crystal ;  and  you  tremble  when  you 
see  the  cunning  fingers  close  for  one  moment  over  a  little 
harmless  charcoal  and  water,  and  open  the  next  to  offer  you 
the  deadliest  poison.  These  subtle  conjurors,  secret  as  the 
grave,  have  we  know  not  what  of  angelic,  what  of  demonic 
power  at  their  command ;  and  we  are  continually  tempted  to 
put  a  higher  value  upon  their  mysterious  legerdemain  than 
upon  the  open  handiwork  of  the  mechanical  powers.  In  so  far, 
however,  as  the  artificial  modification  of  matter  is  concerned, 
we  almost  invariably  require  the  services  of  both,  and  they 
work  willingly  together.  It  may  be  well  to  have  one  word,  as 
transmutation,  to  indicate  chemical  molecular  change,  and 
another,  as  transformation,  to  indicate  mechanical  molecular 
change ;  but,  as  industrialists,  we  must  hesitate  to  marvel 
more  at  the  one  than  the  other.  How  cheerfully  they  labour 
to  a  common  end,  like  twin  brother  and  sister;  the  one 
strong  by  measurable  strength,  the  other  by  immeasurable 
fascinating  power,  we  see  in  the  case  of  that  great  world- 
changer,  that  emblem  of  war,  and  minister  of  peace,  gun- 
powder. It  needs  the  strong  brother  to  fell  the  oaks,  and 
with  a  hint  from  his  twin  to  burn  them  into  charcoal.     It 
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needs  his  stont  arms  to  quarry  the  sulphur,  and  bring  the 
saltpetre  from  India ;  to  crush  them  into  grains,  and  grind 
them  together.  But  it  also  needs  his  weird  sister,  in  whose 
palm  he  lays  the  innocent  dust,  to  breathe  upon  it  before  the 
Alps  are  tunnelled,  or  Sebastopol  lies  in  ruins. 

It  is  not  necessary,  after  the  division  I  hare  made,  to  make 
special  reference  to  heat,  light,  electricity,  and  magnetism  as 
sciences  of  transmuting  and  transforming  force,  since,  without 
deciding  on  the  essential  nature  of  the  agencies  which  they 
represent,  we  may,  as  industrialists,  divide  them  between  me- 
chanics and  chemistry.  Thus  heat  may  be  equally  partitioned 
between  them,  as  alike  remarkable  for  mechanical  and  chemical 
alterative  power.  Electricity  and  light  may  be  given  in  larger 
part  to  chemistry  ;  and  magnetism  in  larger  part  to  mechanics. 
On  the  other  hand,  also,  mineralogy,  as  a  lesser  geology,  may 
be  ranked  along  with  it. 

We  may  suppose  all  the  sciences  related  to  industrialism 
arranged  in  the  form  of  a  crescent.  At  the  tip  of  the  one  horn 
stands  astronomy,  next  it  is  geology,  and  next  to  that  minera- 
logy. At  the  tip  of  the  other  horn  stands  chemistry,  next 
it  is  mechanics,  and  next  to  that  heat,  light,  electricity,  and 
magnetism.  In  the  centre  of  the  crescent  stands  the  remark- 
able science  which  we  have  still  to  consider,  namely,  biology. 
It  includes  botany,  the  science  of  plants  and  plant  life,  and 
zoology,  the  science  of  animals  and  animal  life.  These  sci- 
ences, in  popular  estimation,  alone  constitute  natural  history, 
and  are  often  referred  to  as  if  they  were  solely  observational 
and  analytical ;  but  they  are  transformational  in  a  remarkable 
way,  and  furnish  the  industrialist  with  most  important  instru« 
ments  for  effecting  changes  upon  matter.  After  death,  plants 
and  animals  furnish  to  the  botanist  and  anatomist  endless  sub- 
jects for  the  observation  and  analysis  of  peculiarities  of  form, 
structure,  and  function.  To  the  practical  chemist  also  and  the 
mechanician  they  supply  the  raw  or  genetic  materials,  such  as 
wood  and  wool,  of  a  thousand  industrial  arts.  During  life  they 
are  likewise  objects  of  observational  science  ;  and  in  one  respect 
are  as  much  removed  beyond  direct  human  interference  as  the 
objects  of  astronomy.  Life  builds  up  a  barrier  round  plants 
and  animals,  which  we  may  not  overpass,  except  at  a  few 
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places.  We  cannot  experiment  on  them  in  the  way  we  can  on 
dead  objects  ;  for  interference  with  them,  to  any  considerable 
extent,  either  sacrifices  life,  or  so  alters  its  conditions  that  a 
dead  or  diseased  thing  is  left  in  our  hands.  Nevertheless 
every  living  plant  and  animal  is  for  the  industrialist  a  machine 
or  apparatus,  possessed  of  remarkable  transforming  and  trans- 
muting powers,  which,  to  a  very  considerable  extent,  may  be 
controlled,  directed,  and  even  modified  by  him.  And  if  living 
organisms  cannot  be  wielded  as  tools  or  weapons  in  the  same 
way  as  inorganic  machines  can,  there  is  this  great  compensa- 
tion in  the  fact  that,  to  the  extent  an  organism  can  be  wielded 
by  us,  it  enables  us  to  add  to  the  transforming  and  transmuting 
powers  of  mechanical  and  chemical  force,  which  alone  are 
available  in  the  dead  machine,  the  metamorphosing  power  of 
vital  force.  Differences  of  opinion  may  exist  as  to  the^ssen- 
tial  peculiarity  of  this  force,  but  there  can  be  none  as  to  the 
practical  advantage  of  regarding  it  as  distinct  from  mechanical 
and  chemical  force.  I  will  go  further,  and  apply  the  term 
metamorphosis  to  the  kind  of  change  which  vitality  specially 
induces  in  matter,  so  that,  accepting  the  confessedly  arbitrary 
employment  of  terms  which  I  have  proposed,  we  shall  speak  of 
a  mechanical  transformation^  a  chemical  transmutation,  and 
a  vital  metamorphosis. 

Looked  at  from  this  point  of  view,  biology  yields  to  none 
of  the  sciences  in  industrial  importance.  Translated  into 
practice,  it  gives  us  agriculture,  an  art  so  peculiar  and  jex- 
tensive,  that,  like  medicine,  it  demands  all  the  energies  of  an 
entire  profession.  It  is  not  my  province  to  discuss  agriculture, 
but  there  are  certain  industrial  aspects  of  the  biology  on  which 
it  reposes,  requiring  notice  here. 

Animal  force  is  of  immense  importance  to  all  the  useful 
arts ;  first  as  a  motive,  secondly  as  a  transformative  power. 
In  these  days  of  railways  and  steam-engines  we  are  apt  to 
think  too  lightly  of  our  horses  and  other  beasts  of  burden, 
forgetting  that  without  them  we  could  not  construct  the  en- 
gines which  to  some  extent  are  supplanting  them,  and  that 
they  themselves  are  the  best  of  engines  for  many  purposes. 
James  Watt  and  George  Stephenson,  I  am  sure,  respected 
even  a  donkey;  and  were  the  last  of  its  race   to  die,  we 
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might  all  join  Sterne  in  weeping  over  the  dead  ass.  We 
do  not  sufficiently  remember  that  all  other  machines  are  the 
offspring  of  living  machines.  A  steam-engine  is  the  literal 
as  well  as  the  metaphorical  embodiment  of  so  much  horse- 
power. A  railway  viaduct  is  the  petrifaction  of  so  much 
animal  force.  A  power-loom,  after  its  last  improvement^  re- 
mains still  a  hand-loom.  Archseologists  tell  us,  that  in  far  sepa- 
rate regions  of  the  world,  you  find  stamped  on  the  monuments 
of  forgotten  races  the  impression  in  red  of  a  human  hand. 
But  we  need  not  go  to  distant  lands  and  the  works  of  extinct 
races  for  this  mysterious  signature.  The  mark  of  the  red 
hand,  red  with  the  blood  which  toil  has  wrung  from  it,  will  be 
found  on  every  industrial  instrument  and  product,  and  the 
print  of  a  horse's  hoof  is  generally  near  it.  A  horse's  shoe, 
indeed,  might  be  nailed  up  on  many  a  door  besides  the  black- 
smith's, to  keep  away  the  evil  spirit  of  idleness,  if  we  are 
afraid  of  no  other  demon. 

It  is  only  the  sentient  organism,  the  animal,  that  has  mo- 
tive and  transformative  powers  of  the  kind  we  have  been  con- 
sidering ;  and  it  is  only  the  paragon  of  animals  that  is  able  to 
direct  them  at  will.  But  a  transmuting  and  metamorphosing 
power  of  another  kind,  and  not  less  important  to  industrial  art, 
is  common  to  plants  and  animals,  and  in  some  respects  charac- 
terizes the  former  even  more  than  the  latter.  The  plants  and 
animals  which  as  agriculturists  we  care  for,  may  be  regarded  as 
skilled  labourers,  who  in  return  for  food,  wages  (which  must  be 
paid  in  kind),  and  a  certain  liberty  of  action,  agree  to  collect  or 
manufacture  for  us  a  multitude  of  useful  substances.  We 
employ  them,  and  many  wild  plants  and  animals  also,  as  col- 
lectors or  ftmassers  of  certain  bodies,  because  although  we 
could  collect  these  ourselves,  we  could  not  do  it  half  so  well. 
We  employ  them  as  manufacturers,  because  they  keep  their 
processes  secret  and  have  a  monopoly  of  the  manufacture. 

Look  first  at  their  skill  as  collectors.  As  soon  as  the  seed 
we  sow  has  germinated,  it  begins  to  extract  from  the  soil,  or 
water  and  air  arotmd  it,  various  matters,  among  others  the 
mineral  alkali,  potash.  Now  this  alkali  is  of  great  industrial 
value,  and  it  is  in  our  power  to  procure  it  from  the  sources 
which  yield   it  to  plants.     To.  procure  this,  however,  is  a 
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tedious,  costly,  and  laborious  process,  for  all  the  free  alkali  to 
be  found  at  any  moment  in  a  moderate  weight  of  soil  is  ex- 
ceedingly smalK  and  could  not  profitably  be  extracted  by  any 
artificial  method.  But  a  growing  plant,  day  by  day  appropri- 
ates to  itself  an  almost  infinitesimal  amount  of  potash  through 
its  roots,  and  like  a  miser  hoards  it  all,  or  nearly  all,  so  that 
if  at  the  close  of  a  season  we  bum  it  entire,  we  find  in  the 
ashes  all  the  gathered  potash  of  the  year  harvested  to  our 
hands. 

The  sea,  in  like  manner,  is  the  great  fountain  of  a  rare  and 
prized  substance,  iodine,  but  were  we  compelled  to  take  it 
directly  from  the  ocean  we  should  require  to  eyaporate  tons 
of  water  to  keep  a  single  photographer  supplied  with  it,  and 
it  would  be  more  costly  than  gold.  But  the  seaweeds  employ 
it  as  well  as  the  photographers,  and  have  long  anticipated  the 
physicians  in  taking  it  internally.  Day  by  day  they  sip  a 
homoeopathic  dose  of  iodine  and  retain  it,  and  by  and  by  we 
bum  them  into  kelp,  and  extract  iodine  and  much  else  that  is 
valuable  from  the  ashes. 

To  take  another  example,  phosphate  of  lime,  a  minute 
constituent  of  all  fertile  soils  and  of  most  waters,  is  of  great 
value  to  the  ivory-turner,  the  manure-maker,  the  potter,  the 
silver-assayer,  the  drug-manufacturer,  the  dyer,  and  the  luci- 
fer-match  maker.  It  reaches  all  of  them  in  the  shape  of  the 
bones  of  dead  animals;  dead  cattle  from  our  farms,  dead 
horses  from  the  Pampas  of  South  America,  dead  walrasses 
from  the  arctic  icebergs,  dead  whales  from  the  Pacific  Ocean, 
dead  men  even  from  fields  of  battle.  Land  and  sea  plants 
have,  as  it  were,  milked  this  essential  constituent  of  their 
frames,  drop  by  drop,  from  the  breast  of  nature.  Animals  of 
all  classes,  from  the  lowest  to  the  highest,  have  robbed  plants 
of  their  hard-gotten  gains,  and  made  their  bones  strong  with 
the  precious  substance.  Finally,  the  chartered  robber  man 
has  robbed  them  all,  claiming  even  the  relics  of  his  brethren, 
and  obtaining  in  a  handful  of  bone-dust  the  phosphate  of  tons 
of  rock  and  water. 

The  industrial  importance,  however,  of  plants  and  animals, 
as  collectors  and  harvesters  of  valuable  mineral  matters,  is 
insignificant  compared  with  their  value  as  manufacturers  of 
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bodies  whose  worth  depends  mach  more  on  their  construction 
or  composition  than  on  their  raw  material.  In  their  former 
capacity,  living  organisms  resemble  simply  filters  with  aper* 
tnres  of  different  fineness,  and  fitted  to  arrest  and  detain 
certain  substances  in  themselves  valuable.  In  the  latter, 
those  organisms  resemble  highly  complex  machines,  able  to 
convert  the  most  familiar  things  into  substances  precious 
almost  solely  from  the  workmanship  bestowed  upon  them. 

Take  for  example  that  important  substance,  wood.  Its 
chief  ingredients,  charcoal  and  water^  are  uncostly  and  abun- 
dant ;  but  in  themselves  they  are  useless  to  the  carpenter,  and 
he  cannot  change  them  into  timber.  So  he  calls  to  remem- 
brance  that  his  great  grandfather  planted  an  acorn,  which 
has  turned  its  first  small  capital  to  so  excellent  account  that 
now  it  is  a  timber  merchant  on  a  large  scale,  and  will  con- 
tract with  you  to  build  a  ship  of  war  out  of  oak  of  its  own 
making.  It  is  with  other  trees  as  with  this  ancestral  oak. 
Each,  with  its  repubL'c  of  industrious  roots  and  leaves,  is  a 
joint-stock  company  with  limited  liability,  engaging  to  furnish 
you  with  pine-stems  for  masts,  fir-wood  for  planking,  logwood 
for  dyeing,  cork  bark  for  bottling,  oak  bark  for  tanning,  wal- 
nut for  tables,  rosewood  for  picture-frames,  satin  wood  for 
looking-glasses,  willow  for  cradles,  mahogany  for  wardrobes, 
ebony  for  will^chests,  elm-tree  for  coffins. 

Those  trees  form  the  Worshipful  Company  of  Woodinakers, 
an  ancient  guild.  But  there  are  others  as  old.  A  peaceful  army 
of  flax  plants  protects  the  monopoly  of  linen-weaving.  Whole 
battalions  of  cotton  shrubs  watch  over  calico.  No  one  may 
infringe  the  patent  of  the  indigo  plants  for  blue  dye ;  none 
may  borrow  the  multitudinous  crimsons  and  purples  of  the 
madder  root ;  none  may  rival  the  elastic  fig  in  manufacture* 
ing  caoutchouc ;  or  learn  from  the  trees  of  Siam  how  to  pro- 
duce gutta  percha.  The  roses  of  Damascus  keep  the  secret 
of  their  otto  to  themselves  ;  and  the  acacias  of  Arabia  alone 
deal  in  gum. 

Each  of  those  plants  has  a  monopoly  of  its  -manufacture, 
and  sells,  at  a  price  settled  by  itself,  all  that  it  produces. 
The  charge  is  entirely  for  work,  not  for  materials.  You  may 
bring  these,  indeed,  yourself,  and  have  them  made  up  for  you ; 
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and  nearly  the  same  materials  will  suit  all  the  manufacturers. 
The  cane  will  return  them  as  sugar,  and  the  vine  as  grape- 
juice,  the  oliye  as  oil,  and  the  poppy  as  opium ;  keeping  only 
to  themselyes  such  a  percentage  as  is  needed  to  maintain  their 
workshops,  and  multiply  their  buildings.  The  day  may  come 
when  the  patents  of  these  monopolists  will  expire,  and  their 
secrets  be  published  recipes  open  to  all ;  but  that  day  is  far 
distant,  and  chemistry  as  yet  has  discovered  only  so  many  of 
their  devices  as  serve  to  whet  to  a  keener  edge  her  unsatisfied 
envy  of  their  unapproachable  powers.  Plants  are  thus,  in 
virtue  of  their  amazing  ability  to  convert  the  simplest  and 
commonest  ingredients  of  air,  earth,  and  water  into  the  most 
complex  and  precious  compounds,  of  as  much  value  to  the  in- 
dustrialist, considered  simply  as  pieces  of  apparatus,  as  the 
most  elaborate  engines  he  has  constructed.  Nor  is  it  other- 
wise with  animals.  They  do  not  work  with  so  simple  a  raw 
material  as  plants  do  :  they  use  plants,  indeed,  directly  or  in- 
directly, as  their  raw  material ;  but  they  convert  them  into 
products  raised  in  industrial  value  by  the  additional  workman- 
ship bestowed  upon  them.  We  have  thus  the  silkworm,  whose 
calling  it  is  to  turn  mulberry  leaves  into  silk  ;  the  bee,  who 
turns  sugar  into  wax  ;  the  coccus,  who  turns  cactus-juice  into 
carmine ;  the  oyster,  who  turns  sea-chalk  into  pearls ;  the 
turtle,  who  turns  seaweeds  into  tortoiseshell ;  and  the  whale, 
who  turns  sea-jellies  into  oil  and  whalebone.  The  birds  are 
the  only  makers  of  quills  and  feathers  ;  the  hogs  of  bristles ; 
the  elephant,  the  walrus,  and  hippopotamus  of  ivory ;  the  sheep 
of  wool,  not  to  speak  of  fat  and  mutton ;  the  ox  and  his  con- 
geners of  undressed  leather ;  the  beaver  and  his  brethren  of 
hat-felt;  and  myriads  of  wild  creatures  of  land  and  sea  of 
furs  and  skins.  I  have  barely  alluded  to  one  animal,  as  sup- 
plying us  with  food  ;  although,  as  I  need  not  remind  you,  the 
most  important  industrial  relation  of  many  others  is  their 
power,  as  machines,  to  convert  weeds  of  various  kinds  into 
beef,  mutton,  venison,  milk,  butter,  eggs,  the  flesh  of  birds, 
and  beasts,  and  fishes. 

Two  points  call  for  special  notice  in  connection  with  living 
plants  and  animals,  as  industrial  apparatus  and  machines. 
Firstly :  It  is  impossible  ever  to  say  too  much  regarding  their 
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amasing  transforming,  transmuting,  and  metamorphosing 
powers.  Into  the  question  how  far  their  functions,  as  modi- 
fiers of  matter,  depend  upon  their  vital,  as  distinguished  from 
their  mechanical  and  chemical  endowments,  it  is  unnecessary  to 
enter  here.  It  is  sufficient  to  notice  that  the  power  which 
every  blade  of  grass  and  green  leaf  possesses  to  resolve  car- 
bonic acid  into  charcoal  and  free  oxygen,  and  thereby  to  build 
up  the  most  solid  vegetable  tissues,  chiefly  out  of  air,  is 
beyond  the  rivalry  of  all  our  engines ;  and  this  is  but  one  feat 
among  the  thousands  which  plants  unconsciously  perform,  and 
in  vain  bid  us  repeat.  Within  the  more  complex  region  of 
animal  life,  we  are  equally  compelled  to  be  mere  spectators  of 
changes  of  matter  which  we  very  imperfectly  understand,  and 
cannot  eflect  by  our  machines.  We  can  scarcely,  accordingly, 
rate  too  highly  the  importance  of  living  organisms,  as  work- 
ing for  us  and  with  us.  Secondly :  Although  we  cannot  con- 
struct machines  to  rival  sugar-canes  and  silkworms,  or  any 
other  plants  and  animals,  we  have  a  singular  power  of  modi- 
fying these,  so  as  to  alter  their  actions  as  machines. 

At  every  agricultural  show,  prizes  are  given  to  the  exhibitors 
of  vegetables  and  animals,  which  differ  as  much  from  their 
protoplasts  as  Wattes  steam-en^e  does  from  Savary's  or 
Newcomen's.  So  much  has  cultivation  changed  our  most 
highly-prized  cereals,  that  it  is  matter  of  dispute  from  what 
forgotten  weeds  wheat  and  barley,  as  we  now  see  them,  have 
been  elaborated.  Our  apples  and  pears  were  once  sour  crabs ; 
our  plums  austere  sloes ;  our  turnips  acrid  radishes.  We  have 
as  truly  created  such  fruits  and  vegetables  as  the  chemist 
has  created  ether  or  chloroform.  The  physiologist,  no  doubt, 
is  much  more  limited  than  the  chemist  as  a  creator,  but  he  is 
as  truly  one.  Both  work  under  that  aphorism  of  the  Novum 
Organon,  which  teaches  us  to  conquer  nature  by  obeying 
her. 

The  creating  power  of  the  physiologist  is  still  more  striking 
as  exerted  upon  animals.  Our  dogs,  and  horses,  and  cattle, 
we  have  mcide^  as  truly  as  we  have  made  glass,  or  bronze,  or 
porcelain.  Nature  yields  no  pointers  among  dogs,  or  race- 
horses among  steeds,  or  short-horns  among  cattle.  Food  and 
climate,  regimen  and  temperature,  domestication  and  training ; 
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abore  all,  pairing  in  special  ways,  have  given  us  endless  and 
important  varieties  of  every  creature  we  have  cared  to  subdue ; 
and  whenever  the  whim  prompts  us  to  make  pets  of  pigs,  or 
rabbits,  or  pigeons,  we  shew  through  how  many  phases  we  can 
induce  our  playthings  or  victims  to  pass. 

We  do  not  generally  call  this  ereationf  because  we  quickly 
realise  that  we  are  but  evolving  certain  germinal  tendencies 
latent  in  the  plants  or  animals  whose  offspring  our  inter- 
ference renders  so  unlike  themselves ;  but  we  do  no  more  when 
we  call  into  existence  glass  or  ultramarine;  for  unless  the 
elements  of  these  compounds  had  inevitably  tended  to  produce 
them  under  the  conditions  which  we  secure,  the  securing  of 
these  conditions  would  no  more  have  produced  them  than  the 
mating,  under  certain  restrictions,  of  particular  vegetable  or 
animal  pairs  would  have  given  us  the  grapes  of  Portugal  or 
the  race-horses  of  England. 

But  whether  we  choose  to  call  it  creation  or  not,  it  is 
transformation  of  a  kind  as  important,  industrially,  as  that 
which  mechanics  has  effected  on  many  a  machine.  Ask  a 
baker  if  he  sets  the  same  value  on  samples  of  wheat  dif- 
ferently derived  and  grown,  and  he  will  offer  you  twice  the 
sum  for  one  that  he  will  give  for  another.  Ask  a  brewer  the 
same  question  regarding  barley,  and  you  will  receive  the  same 
answer.  The  sugar  merchant  carefully  classifies  his  beet-roots 
or  sugar-canes,  the  perfumer  his  lavender  and  orange-flowers, 
the  wine  maker  his  grapes,  the  tea-merchant  his  teas,  the  dye 
broker  his  indigos  and  madders,  the  pharmacologist  his 
poppies  and  cinchonas.  The  plants  in  which  those  industria- 
lists have  an  interest  may,  by  variation  in  stock,  in  soil,  lati* 
tude,  climate,  mode  of  cultivation,  degree  of  manuring  and 
the  like,  be  made  abundant  or  deficient  in  starch,  sugar,  azo- 
tised  nutritive  principles,  mineral  salts,  odorous  essences,  co- 
louring principles,  and  medicinal  or  poisonous  alkaloids. 

It  is  the  same  with  animals.  A  cattle-dealer  will  give  you 
one  calf  which  shall  certainly  in  course  of  time  prove  a  boun- 
tiful yielder  of  milk  and  cream  ;  another  which  shall  as  cer* 
tainly  be  a  fatted  ox  when  three  years  old ;  a  third  which 
shall  by  and  by  be  a  match  for  a  horse  at  the  plough. 
A  jockey  may  at  first  stun  you  with  what  seems  his  unin- 
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telligible  slang  about  blood,  and  bone,  and  wind,  and  bottom  ; 
but  by  and  by  yon  discoyer  that  these  are  his  technical 
phrases  for  certain  structural  and  physiological  peculiarities, 
which  he  can  exalt  or  diminish  in  a  particular  animal  by  due 
selection  of  sire  and  dam,  and  fit  treatment,  and  training  of 
foal ;  so  that  if  you  are  not  very  difficult  to  please,  and,  more- 
over, are  not  in  a  very  great  hurry,  he  will  contract  to  make 
you  a  horse  according  to  the  pattern  you  select,  as  an  engineer 
will  to  make  you  a  steam-engine. 

So  also :  The  Yorkshire  broad  cloth  makers  choose  by  pre- 
ference the  long  stapled  wool  of  sheep  fed  plentifully  upon 
artificial  grasses,  turnips,  and  the  like.  The  Welsh  blanket- 
makers,  on  the  other  hand,  prefer  the  shorter  wool  of  sheep 
cropping  the  natural  grass  of  the  hills ;  whilst  the  Scotch 
tartan  shawl  weavers  work  only  with  Australian  or  Saxon  wools. 

In  like  manner  the  comb-makers  will  tell  you  that  the  far- 
mers are  injuring  them,  by  multiplying  breeds  of  cattle  which 
quickly  fatten,  and  are,  in  consequence,  killed  before  their 
horns  are  well  grown ;  and  those  same  industrialists  will  cu- 
riously distinguish  between  the  tortoise  shell  from  one  region 
of  the  sea  and  that  from  another. 

I  should  never  end,  were  I  to  pursue  this  matter.  Let 
those  illustrations  suffice  to  show  that  living  organisms  *are 
not  only  industrialists  like  ourselves,  and  in  many  cases  more 
skilful  artists,  but  are  also  machines  and  apparatus  which, 
within  certain  wide  limits,  we  can  wield  at  will. 

Such,  then,  is  the  scientific  basis  of  industrialism,  a  plat- 
form broad  as  the  whole  earth,  and  reaching  even  to  the  stars. 
Although  to  biology  we  give  a  special  place,  because  it  deals 
with  the  inscrutable  mystery  of  life,  yet  after  all  we  can  find 
room  for  it  in  the  twofold  division  of  physical  sciences  which 
arranges  them,  as  each  in  part  passively  observational,  in  part 
actively  transformational.  Our  whole  work,  as  industrialists, 
resolves  itself  into  observing  and  transforming,  and  whether  we 
labour  as  observers  or  transformers,  we  have  noble  work  to 
do.  In  either  case,  an  edifice  rises  before  us  as  the  fruit  and 
memorial  of  our  labour.  In  the  one  case,  this  edifice  is  like 
a  Nineveh  recovered  from  oblivion ;  in  the.  ot^er  it  is  like  a 
Crystal  Palace,  for  the  first  time  given  to  the  world.    When 

o2 
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we  work  as  natnralistSt  though  we  do  no  more  than  bring  into 
view  objects  which,  from  the  moment  of  their  creation,  have 
been  within  reach  of  our  senses,  we  are,  neyeiiheless,  like 
those  skilful  excavators  who  read  a  new  lesson  to  the  modem 
world,  when  they  recovered  to  the  light  of  day  the  long-buried 
and  forgotten  wonders  of  Herculaneum  and  Pompeii ;  or  like 
those  unwearied  explorers  who  displaced  the  sand  under  which 
E^gyptian  temples  had  been  concealing,  untarnished  and  unworn, 
the  paintings  and  sculptures  bestowed  upon  them  centuries 
before.  The  same  kind  of  interest  which  attaches  to  Belzoni, 
Denon,  and  Lepsius,  as  uncoverers  of  the  sand-hidden  pyra* 
mids  and  sphinxes  of  Egypt;  and  to  Toung,  Champollion, 
Bosellini,  and  others,  as  decipherers  of  the  hieroglyphics  upon 
them ;  or  to  Layard,  as  a  revealer  of  the  disinterred  wonders 
of  Babylon  and  Nineveh ;  and  to  Rawlinson,  as  an  interpre- 
ter of  the  Cuneiform  inscriptions  upon  their  buildings ;  at- 
taches  to  the  naturalists  of  all  classes.  The  most  ancient 
book,  it  has  been  finely  said,  is  published  to-day  for  him  who 
reads  it  for  the  first  time.  Herculaneum,  Thebes,  and  Nine- 
veh were  as  great  novelties  on  the  day  of  their  re-discovering 
as  if  they  had  been  cities  of  the  Mormons,  built  jesterday« 
Hieroglyphics  and  Cuneatics  are,  for  the  novice  who  encounters 
them,  marvels  as  astounding  as  the  new  language  can  be, 
which  a  tribe  of  native  Africans  are  asserted  (I  fear  on  doubt- 
ful authority)  to  have  recently  constructed  for  themselves. 
And  so,  although  Galileo  only  discovered  the  nK>ons  of 
Jupiter,  we  often  and  unconsciously  think  of  him  as  if  he 
had  been  their  creator,  and  had  first  set  them  to  play 
their  untiring  game  of  hide-and-seek  round  the  stately 
planet;  and  so  also  in  no  irreverent  spirit  we  call  the 
laws  which  Kepler  divined  to  regulate  certain  movements 
of  the  heavenly  bodies,  ^*  Kepler^s  Laws,"  although  he 
disclaimed  the  title,  grandly  affirming  that  God,  whose  laws 
they  were,  had  waited  some  thousand  years  before  one  man; 
even  Kepler,  had  discerned  them.  And  so  again,  notwith- 
standing our  c(Hi  notion  that  the  star  Neptune  has  been 
shining  in  the  sky  since  what  I  shall  be  content  to  call 
*'  the  beginning,"  and  that  all  the  tiny  planets  which  have 
so  rapidly  been  added  to  our  astronomical  catalogues  are 
probably  as  old  as  the  sun,  we  cannot  help  feeling  as  if 
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Adams,  Leyemer,  Hinds,  and  their  brethren,  Ea$lj)ftBi'planted'[  > 
those  lights  in  the  sky,  and  that  midnight^OT}Id.  be.  9§n8jbljr 
less  dark  because  of  their  addition  to  theh^^.::I'-blkri  :*-: 
taken  these  illustrations  from  the  most  observational  science, 
astronomy ;  but  any  other  science  would  have  yielded  illus* 
trations  as  striking.  The  mastodons  and  megatheria  of 
geology  pass  with  us  for  creatures  more  recent  than  the  ele- 
phants and  camels  which  were  the  largest  quadrupeds  known 
to  our  fathers.  Coal  we  think  of  as  a  newly  invented,  not  as 
the  oldest  fuel ;  aluminium  we  deliberately  call  a  new  metal, 
althougjh  we  know  none  older ;  and  gutta  percha  is  a  new 
**gum."  After  all,  however,  the  naturalist  is  but  a  disin* 
terrer,  his  tool  is  a  spade,  and  his  newest  things  are  gene* 
rally  nature's  oldest,  and  have  taken  longest  to  find,  because 
they  were  buried  first  and  deepest. 

When  we  work  as  transformationalists  we  are  like  sculptors, 
not  evolving  a  pre-ezistent  statue  from  a  concealing  mass,  but 
bestowing  a  statue  on  a  block  of  xnarble.  The  hollow  screw 
is  Archimedes*  screw ;  the  condensing  steam-engine.  Watt's 
engine  ;  the  railway  locomotive,  Stephenson's  locomotive ; 
the  electric  telegraph,  Oersted's  telegraph;  the  Crystal 
Palace,  Fox  and  Paxton's  palace.  Yet  as  implied  in  what 
has  been  already  said,  we  treat  discoverers  as  if  they  were 
inventors,  and  to  make  amends  we  call  inventors  discoverers. 
And  although,  in  strictness  of  speech,  it  is  inadmissible  to 
speak  of  Watt,  as  accomplished  men  are  firequently  found 
doing,  as  the  discoverer  of  the  steam-engine,  and  only 
Sancho  Fanza  thought  of  invoking  blessings  on  the  man  who 
first  invented  sleep,  still  the  popular  confusion  between  the 
discoverer  and  the  inventor  shows  how  difficult  it  is  to  assign 
the  one  higher  praise  than  the  other.  It  is  better  to  decline 
answering,  or  to  leave  each  person  to  answer  according  to  his 
taste,  such  questions  as.  Is  the  world  more  indebted  to 
Layard,  who  recovered  Nineveh,  or  to  Pazton,  who  created  the 
Sydenham  Palace  i  Whether  industrialism  is  more  indebted 
to  the  naturalist  or  to  the  experimentalist,  is  a  problem  best 
disposed  of  by  the  logic  of  the  child  who,  when  asked  whether 
he  would  have  an  apple  or  an  orange,  held  out  each  hand  and 
replied  he  would  have  both. 


102  Daniel  R.  Rankin  on  the 


• «   • 


•    •  • 


•  •   *        "  ' 
*  .  -         •  •  •• 


'  On 'the  Sirueture^and  Habits  of  the  Slow-Worm^  (Anguii 
:•'• : :':  ylf^^i^K^-^^)^'  ^y  Daniel  R.  Rankik,  Esq.,  Carluke.* 

From  what  is  recorded  in  works  of  referenoe,  the  slow-worm 
(Anffuie  fragilii),  though  the  most  accessible  and  easily 
managed  of  the  reptile  kind,  seems  to  hare  engaged  the  par- 
ticular attention  of  few  naturalists. 

.  During  several  years,  from  daily  obseryation  of  many  indi- 
Tiduals  of  uncertain  age,  and  in  erery  stage  of  deyelopment, 
from  the  egg  till  the  seyenth  year,  having  accumulated  a  con- 
derable  number  of  facts  regarding  the  economy  of  tins  inter- 
esting little  animal,  I  am  enabled  to  give  some  details  which 
may  serve  more  fully  to  elucidate  its  history. 

The  generic  position  of  the  slow-worm  is  well  determined ; 
but  as  general  descriptions  seem  to  have  been  drawn  from 
limited  sources,  from  young  or  mutilated  specimens,  or  from 
individuals  in  some  phase  of  periodic  change,  confusion  ap- 
pears to  exist ;  and  in  other  particulars  there  is  uncertainty  or 
error. 

To  secure  clear  and  distinct  delineations  of  objects  in  na- 
tural history  words  are  seldom  adequate ;  but  as  the  aspects 
of  this  animal,  within  description,  may  be  better  given  if 
spoken  of  under  divisions,  that  method  shall  be  followed. 

1.  Form. — The  mature  animal,  as  it  is  found  in  Clydesdale* 
is  from  17  to  20  inches  in  length,  and  attains  to  this  about 
the  fourth,  although  its  other  dimensions  are  not  fully  reached 
till  about  the  seventh  or  eighth  year.  It  has  a  small,  elonga- 
ted, somewhat  angular  and  conical  head ;  mouth  of  almost 
equal  length  with  the  head;  eyes  lateral,  oval,  distinct, 
though  not  prominent;  ruby  iris;  eyelids,  and  a  moveable 
membrane  within  eyelids  {membrana  nictitans) ;  nostrils  la- 
teral, directed  vertically,  and  situated  in  the  second  scale  of 
the  second  row  of  the  marginal  labial  scales  of  the  upper  jaw, 
the  scale  being  reflected  into  the  aperture.  The  neck  is  short, 
and  at  times  is  observably  smaller  than  the  head,  as  in  the 
act  of  inspiring,  drinking,  &c.  The  body  from  the  neck  gra- 
dually swells  to  the  middle,  then  gradually  declines  in  thick- 
ness to  the  cloaca,  and  from  thence  becomes  smaller  and 

*  Read  at  the  Koyal  Physical  Society,  26th  November  1866. 
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smaller  to  the  extremity  of  the  tail,  which  ends  a  little  short 
of  a  minute  point  A  specimen  before  me,  a  female  fourteen 
years  old,  measures  14  lines  {H  of  an  inch)  round  the  largest 
part  of  the  head ;  at  the  middle  of  the  body,  or  about  4  inches 
from  the  head,  it  measures  25  lines,  and  above  the  extreme 
point  of  the  tail  it  measures  6  lines.  The  head  is  ^  part  of 
the  whole  length — ^the  body,  including  the  head,  being  about 
8,  and  the  tail  about  9  inches.  These  proportions  produce 
a  form  by  no  means  repulsive,  if  the  word  elegant  is  objec- 
tionable as  regards  a  crawling  thing.  The  animal  is  not 
therefore  ^*  alike  thick  from  neck  to  tail ;"  nor  does  the  tail 
end  quite  bluntly,"  according  to  stereotyped  descriptions. 
Young  animals  of  the  same,  or  of  greater  length,  are  more 
slender ;  those,  for  example,  of  the  first  year  are  from  13  to 
14  inches  long,  although  so  slender  as  to  bear  the  proportions 
of  a  large  earth-worm,  the  head  and  body  being  of  nearly 
equal  diameter,  and  the  tapering  tail  slightly  smaller.  A  speci- 
men of  the  fourth  year,  still  of  slender  proportions,  measures  17} 
inches,  and  one  of  the  seventh  year  bears  nearly  the  same  pro- 
portions as  the  more  aged  animal  before  alluded  to.  After 
the  first  year  the  growth  is  more  to  thickness,  in  proportion, 
than  to  length.  When  observed  carefully  the  body  seems 
somewhat  four-sided,  and  not  strictly  round — an  aspect  which 
the  colours  of  the  different  quarters  tends  to  favour. 

2.  Colour  and  Eatemal  Markings. — The  upper  part  (back) 
of  the  head  and  body,  in  the  mature  animal,  to  the  extent  of 
about  a  fourth  of  the  diameter,  is  generally  of  a  lustry  yel- 
lowish-brown marbling ;  each  side  to  the  extent  of  one-fourth 
is  of  a  blackish  chequered  gray,  in  some  instances  more  in- 
tensely dark  than  in  others,  excepting  on  the  sides  of  the  head 
and  neck,  which  is  a  kind  of  mottling  of  lighter  colour  on  a 
dark  ground,  the  remaining  fourth  or  belly  being  of  a  bluish- 
gray.  In  passing  from  the  back  to  the  head  there  is  a  nar- 
rowing of  the  lustry  part,  which  again  swells  out  anteriorly^ 
Two  black  spots  mark  the  head— one  commonly  on  each  of  the 
larger  vertical  scales,  and  in  the  posterior  spot  there  is  an 
opaque  whitish  point  corresponding  with  a  small  opening  in 
the  skull.  A  black  sig-sag  line  passes  down  the  back,  di- 
viding equally  the  bright  yellowish-brown  part   from   the 
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posterior  central  scale  of  the  head  to  the  point  of  the  tail.  In 
some  instances  this  line  is  more  of  a  doretailing  character ; 
in  others,  there  are  parallel  lines  or  dots,  giving  the  appear* 
ance  of  three,  five,  and  seyen  lines,  in  different  specimens, 
and  in  manj  the  centre  line  is  entirely  absent.  Among 
eighteen  specimens  examined  at  the  time  of  writing,  seven  only 
presented  the  single  central  line  down  the  back,  which,  never* 
theless,  is  the  prevailing  form.  In  the  young,  on  leaving  the 
egg,  and  for  some  time  after,  the  colour  of  the  back  is  generally 
hazy  yellow,  with,  in  most  instances,  a  straight  black  line  down 
the  back,  while  the  under  three-fourths  is  glossy  black.  But 
from  the  first  there  are  distinct  and  numerous  varieties  of  ex- 
ternal markings.  In  an  animal,  under  observation,  three 
years  old,  the  characteristic  centre  line  is  wanting ;  but  the 
yellowish-coloured  part  of  the  back  is  traversed  by  several 
faint  dark  interrupted  stripes,  and  on  each  side  the  scales  of 
the  fore-part  of  the  body  are  beautifully  marked  with  spots, 
each  of  which  consists  of  a  dot  of  green  and  a  dot  of  black. 
In  another,  sixteen  months  old,  also  without  the  centre  line, 
interrupted  dark  spots  pass  down  the  body,  and  the  scales  of 
the  tail  are  each  marked  by  sometimes  two  and  sometimes 
three  dark  streaks,  which  gives  the  tail  a  striped  appearance. 
In  another  specimen,  two  years  old,  there  are  not  only  three 
black  lines  down  the  back,  but  between  each  two  others  less 
dark ;  and  these  do  not  by  any  means  comprise  all  the  va- 
rieties of  external  markings. 

But  difference  of  age,  or  exceptional  markings,  do  not  su£S[- 
ciently  compass  the  aspects  of  the  animal,  for  the  approach 
of  the  sloughing  periods,  which  are  frequent,  very  materially 
alters  the  appearance  alike  of  the  young  and  old. 

3.  Dermal  Covering  and  Sloughing. — ^The  common  notion 
that  a  serpent  "  casts  its  old  skin"  once  in  the  year  does  not 
hold  good  as  regards  the  slow-worm,  though  this  is  stated  by 
most  popular  writers.  The  dermal  covering  of  this  animal, 
unlike  that  of  serpents,  but  like  some  other  reptiles  and  fishes, 
is  a  beautifully  arranged  system  of  plates  of  bone  on  which  the 
scales  or  cuticle  repose.  These,  what  I  shall  call  scale-plates, 
are  permanent,  and  grow  with  the  animal ;  the  scales,  on  the 
contrary,  are  frequently  renewed,  particularly  during  the 
growth  of  the  animal.     A  specimen,  in  its  eighth  year,  fed 
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vegularly  throvghout  the  whole  period  while  its  own  donnancy 
allowed,  and  while  Blags  or  wonns  could  be  procured^ 
sloughed  ten  times,  and  in  the  following  year  nine  times ;  and 
this  seems,  from  a  large  average,  to  be  a  commou  result  In 
three  years  one  young  animal  sloughed  thirty-four  times,  and 
another  thirty  times.  In  the  first  year  of  rapid  growth  one 
sloughed  thirteen,  and  other  three  tweWe  times. 

The  following  table  gives  the  exact  dates  of  sloughing  of 
four  specimens  hatched  3d  September  1845,  which  were  easily 
distinguished,  and  known  by  the  names  heading  the  table: — 


Slongbs. 

Spotty. 

Spotless. 

Spot. 

^•g. 

Slonghs. 

1845. 

1845. 

1845. 

1845. 

1 

October     13 

October     13 

October     15 

October     11 

1 

2 

November  4 

November  5 

November  13 

October     28 

2 

3 

December  9 

December  13 

December  14 

December    7 

3 

1846. 

1846. 

1846. 

1846l 

4 

January    29 

Febmary    1 

Febmary    4 

4 

5 

Febmary  20 

February  25 

February  24 

Febmary  14 

6 

6 

March       14 

March        16 

March        26 

March         6 

6 

7 

April          6 

April        11 

April         19 

March       30 

7 

8 

May             4 

May             6 

May            9 

April        25 

8 

9 

May           28 

May          30 

June            1 

May           11 

9 

10 

Jane          25 

Jnly            1 

July            2 

June         12 

10 

11 

July          23 

July          26 

Jnly          28 

Jnly            9 

11 

12 

Aagnst      13 

August      19 

August     26 

August        1 

12 

13 

Septemberl4 

8eptember27 

September27 

September  ^ 

13 

14 

October     16 

November  8 
1847. 

October     30 

September22 

14 

16 

November  4 

February  24 

November  23 

October    14 

15 

1847. 

1847. 

16 

December  21 
1847. 

March       27 

Jannary     6 

Jannary    14 

16 

17 

Jannary    24 

AprU        23 

Febmary    1 

February  23 

17 

18 

February  27 

May          16 

March         1 

March       25 

18 

19 

March       23 

June          13 

March       28 

19 

20 

AprU        15 

Jnly          25 

May          15 

20 

21 

May           26 

October      8 

Angnat     16 

21 

22 

June          21 

October     27 

22 

23 

July          26 

November  19 

23 

24 

SeptemberlS 

December  15 

24 

1848. 

25 

October    28 

Febmary    9 

25 

26 

NoTember24 
1848. 

March         5 

26 

27 

January      9 

April          1 

27 

28 

February    2 

AprU         28 

28 

29 

AprU        10 

May            1 

29 

30 

May           22 

September  7 

30 

31 

June          22 

31 

32 

Jnly          19 

32 

33 

August     13 

83 

34 

8eptemberl4 

33 
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The  process  of  iloaghing  is  yery  interesting.  £Sg)it  days- 
usually,  but  from  eight  to  ten  days,  before  an  animal  throwa 
off  its  scaly  corering  it  assumes  a  peculiar  opaquoiess,  and 
seems  less  active.  On  the  fourth  or  fifUi  day  the  original 
colour  is  gradually  regained,  but  with  less  of  brightness,  and 
perhaps  of  a  darker  shade.  On  examination  about  the  eighth 
day,  the  scales  will  no  longer  be  found  attached  to  the  scale* 
plates,  and  the  creature  is  restless.  It  rubs  its  head  on  the 
grass  in  the  bottom,  or  on  the  sides  of  its  box,  first  on  one 
side,  and  then  on  the  other,  with  the  evident  object  of  detach- 
ing the  jaw  scales,  which  it  ultimately  effects ;  and  so  soon 
as  this  is  the  case,  the  rest  of  the  process  may  be,  and  is,  per- 
formed with  apparent  ease  by  muscular  action  entirely.  The 
scales  of  the  upper  jaw  being  thrown  up,  and  those  of  the  lower 
jaw  down,  the  head  is  jerked  from  side  to  side  till  the  scales 
are  relieved.  A  peculiar  vermicular  action  of  the  body  is  in- 
stituted and  kept  up,  every  movement  having  the  effect  of 
gradually  sliding  the  scales  back  upon  each  other.  But  this 
action  does  not  seem  to  be  entirely  local,  or  directed  in  such 
a  way  as  to  remove  the  scales  by  gradation  from  the  head 
backwards  only,  for  the  action  is  simultaneous  throughout  the 
entire  length  of  the  animal.  The  scales  covering  the  cloacal 
valve  are  often  carried,  by  the  action  alluded  to,  perhaps  an 
inch  backward — ^by  extension — before  the  head  scales  are  even 
free,  and  the  scales  of  the  extreme  part  of  the  tail  are  already, 
it  may  be,  detached  from  the  animal  to  the  extent  of  from  one 
to  two  and  a  half  inches  when  the  upwrinkled  slough  reaches 
the  extremity.  An  example  of  sloughing,  which,  in  one  well- 
observed  instance,  began  at  the  head  and  cloaca  at  the  same 
time  (from  the  scales  giving  way  and  separating  at  that 
point),  more  clearly  illustrates  the  peculiar  action,  for  each 
portion  moved  backward,  as  if  each  had  been  an  independent 
slough. 

The  time  occupied  in  sloughing,  that  is  from  the  moment 
the  scales  become  detached  from  the  head  till  thrown  off,  oc- 
cupies variously  from  one  to  two  and  a  half  hours  ;  but  with 
assistance,  or,  perhaps,  with  such  aids  as  the  animal  might 
seek  in  a  state  of  freedom,  the  process  may  be  very  quickly 
completed.     So  soon  as  the  head  scales  are  free,  if  the  animal 
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be  taken  in  the  hand  and  allowed  to  urge  itself  through  the 
fingers,  placed  in  snch  a  way  as  to  keep  back  the  scales,  de- 
tachment is  eflbcted  in  a  few  minntes — the  animal,  in  apparent 
ecstacy,  working  its  way  ont  of  its  skin  with  elevated  head 
and  with  lightning-like  rapidity,  playing,  in  its  characteristic 
way,  its  long  nimble  tongue.  But  there  are  states,  either  of 
the  animal  itself,  or  arising  from  its  treatment,  when  slough- 
ing Beema  difficult ;  the  scales  seem  too  dry,  are  comparatiyely 
inflexible,  and  remain  about  the  body  in  rings  and  shreds  till 
bit  by  bit  they  are  detached. 

4.  The  Sloughi — ^The  slough,  as  thrown  off  from  the  body, 
is  a  mass  of  scales — ^not  huddled  or  inrerted,  but  regularly 
laid  one  upon  another  and  compacted  into  a  very  small  space— 
an  inch  or  two  of  the  tail  portion  generally  remaining  free. 
When  newly  detached,  the  slough  may  be  drawn  out  to  fully 
one  and  a  half  the  length  of  the  animal.  The  scales  of  the 
head,  which  are  smooth  and  yery  varied  in  size,  are  so  ar- 
ranged on  the  upper  jaw  as  to  admit  of  no  extension,  while 
those  of  the  under  jaw,  with  the  exception  of  two  rows  of 
small  scales  which  cover  the  bone,  are  like  the  other  body 
scales.  The  largest  scales  of  the  animal  are  the  central  ones 
of  the  head,  and  those  within  the  angle  of  the  lower  jaw,  and 
the  smallest  are  those  of  the  labia,  and  of  the  eyelids.  The 
scales  of  the  body,  individually,  are  also  smooth,  somewhat 
rhomboid,  and  collectively  are  arranged  in  an  imbricated  man- 
ner, each  being  encroached  upon  and  encroaching  to  the  ex- 
tent of  one-third,  and  each  having  connection  with  three  above 
and  three  below.  The  point  of  connection  one  scale  with  an- 
other is  the  upper  border,  and  each  reposes  on  its  scale-plate, 
ihe  edge  of  the  scale  extending  beyond  the  plate ;  and  the 
whole  is  united  by  highly  elastic  tissue,  an  arrangement 
which  admits  of  great  expansion  and  flexibility. 

The  usual  method  of  enumerating  the  scales  of  snakes  is 
scarcely  applicable  to  this  species  of  reptile,  for  the  scales  of 
the  entire  body,  unlike  most  serpents,  are  of  uniform  charac- 
ter. Counting  from  the  margin  of  the  upper  jaw  along  the 
back,  there  were,  in  a  specimen  carefully  examined,  273  rows 
of  scales  in  the  whole  length  of  the  animal — 7  in  the  head, 


108  Dt&iel  IL  R&nkin  an  the 

266  in  the  body  and  tail,  inclosive  of  the  conical  aeale  which 
terminates  the  tail.  Counting  the  scales  from  the  under  side, 
there  were  in  all  278,  or  five  more,  the  excess  being  in  the  lower 
jaw.  From  the  margin  of  the  lower  jaw  to  the  yerging  scides 
of  the  cloaca  there  were  137,  and  from  this  to  the  point  of  the 
tail  141. 

The  yalve  of  the  cloaca,  situated  near  the  middle  of  the 
body,  produces  no  interruption  of  the  symmetry,  or  of  a  con- 
tinuous declination,  and,  indeed,  it  would  be  difficult  of  detec- 
tion by  those  who  are  unacquainted  with  the  structure  of  ser- 
pents. It  is  a  semilunar  flap,  so  to  speak,  opening  trans- 
versely, two  scales  deep,  and  fringed  by  six  scales,  which  are 
adjusted  very  perfectly  to  the  scales  of  the  tail.  A  reflection  of 
the  cuticular  tissue  lines  this  flap,  forming  on  the  upper  or 
body  side  distinct  minute  scales,  merging  in  a  highly  elastic 
network-like  structure,  which  surrounds  the  cloacal  aper- 
ture, and  is  attached  below  to  the  marginal  scales  of  the  flap. 
This  reflected  portion  of  the  scales  is  always  thrown  off  as 
part  of  the  slough,  and  is  seen  as  a  sort  of  pouch  in  prepared 
sloughs. 

The  colours  of  the  animal  are  derived  essentially  more  from 
a  sort  of  pigment  which  covers  the  scale-plates  than  from  the 
scales  themselves ;  still,  most  sloughs  have  faint  brown  streaks 
on  the  back  scales,  and  the  side  ones  are  sometimes  tinged 
of  a  slight  dusky  hue ;  but  the  scales  of  the  belly,  which  look 
dark  when  in  connection  with  the  animal,  are  always  colour- 
less when  detached  from  the  body. 

The  scales  and  scale-plates  are  arranged  in  rows  disposed 
backward  from  the  centre  line  of  the  back  in  an  angular 
manner.  There  are,  however,  instances  of  imperfect  rows — ^a 
sort  of  indentation  of  a  partial  row,  as  if  to  meet  some  require- 
ment of  contour  or  function. 

The  rows  are,  as  a  rule,  of  equal  numbers,  from  28  in  tha 
neck  to  2  in  the  tail ;  but  in  every  animal  there  are  a  few  an* 
equal  rows,  and  the  tail  ends  with  a  single  conical  scale. 

The  scales  in  the  upper  jaw  number        160 
In  the  nnder  jaw        117 
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This  18  the' result  of  the  examination  of  only  one  indiyidual. 

Of  the  body  scales,  those  of  the  neck  are  smallest  and  most 
numerous,  admitting  consequently  of  considerable  expansion — ^a 
condition  particularly  suited  to  tiie  requirements  of  the  ani- 
mal, which  swallows  its  food  entire,  and  often  gorges  slugs  of 
a  size  greatiy  disproportioned  to  its  apparent  capacity. 

Though  not  very  evident  to  the  eye  that  the  scales  of  the 
body  differ  much  in  size,  the  fact  is  established.  In  a  slough 
minutely  examined,  there  were  in  one  portion  of  the  body  29 
rows  of  24  scales  each ;  at  the  upper  part  it  measured  22,  and 
at  the  lowest  20^  lines.  Above  the  cloaca  there  were  found 
27  rows  of  22  scales  each ;  at  the  upper  portion  it  measured 
20},  and  at  the  lower  17  lines.  In  the  tail  there  were  60  rows 
of  12  scales  each ;  the  upper  row  measured  14,  and  the  under 
12  lines.  Still  lower  in  the  tail  there  were  43  rows  of  10  scales 
each,  the  upper  row  being  12,  and  the  lower  8}  lines.  In 
sloughing,  all  the  scales  of  the  body  are  thrown  off,  including 
those  of  the  eyelid ;  but  the  eyeball  does  not,  though  a  common 
belief)  cast  a  film  as  part  of  the  slough,  as  occurs  in  serpents. 

6.  Fragility, — ^Nature,  always  bountiful  in  her  provisions 
for  defence  or  preservation,  has  given  to  the  Anguis  fragilit 
one  which,  if  repulsive  to  mere  observers,  is  no  doubt  that 
best  fitted  to  its  peculiar  character.    It  does  not  bite»  at  least 
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in  no  instance,  dnring  years  of  daily  handling,  did  I  ever 
observe  the  slightest  approach  at  defence  by  this  mode, — 
motion  is  comparatirely  slow — ^and  it  has  no  adequate  defen- 
sive armour.  The  animal  must  seek  its  food;  bat  this  is 
generally  done  without  much  exposure,  for  it  feeds  on  slugs, 
&c.,  found  low  in  the  grass,  where,  too,  from  its  mode  of  pro- 
gression, it  is  most  active  and  powerful.  Sometimes,  however, 
it  is  found  extended  as  if  basking  in  the  sun  (probably  while 
incubating,  if  the  phrase  can  be  sanctioned)  on  sand-beds,  or 
on  cultivated  ground,  helpless,  in  a  great  degree,  from  the 
want  of  aids  of  motion  in  such  situations,  and  consequently 
is  an  open  prey  to  the  enemy.  But  whether  in  the  grass,  or 
thus  exposed,  it  is  easily  found  by  the  sparrow-hawk  (Ac- 
dpiter  fringillaru8\  its  most  conspicuous  foe,  which,  at  the 
season  of  the  activity  of  the  reptile,  may  be  frequently  ob- 
served hovering  on  wing  above  the  sloping  banks  facing  the 
south,  where  the  animal  is  most  plentiful.  When  once 
marked,  escape  is  scarcely  possible ;  but  the  provision  al- 
luded  to  affords  considerable  immunity  from  attack*  If  the 
bird  seize  its  prey  at  any  point  below  the  cloaca,  the  reptile 
has  the  power  of  sundering  the  part  with  apparent  impunity, 
and  escapes ;  and  if  in  any  way  forewarned  of  danger,  the 
retreat  of  the  animal  to  the  nearest  crevice  would  favour  the 
probability  of  such  a  result.  Many  mutilated  specimens  are 
found ;  and  it  is  scarcely  possible  to  keep  numbers  that  are 
subjected  to  daily  examination  without  being  a  witness  to  the 
act  which  instinct  prompts,  and  which  seems  to  cause  little 
pain  or  inconvenience.  There  are  sure  grounds  for  affirming 
that  the  *' breaking  in  two"  of  authors  is  limited  to  the  tail. 
If  violently  seized  by  the  body,  the  tail  is,  nevertheless,  the 
part  thrown  off.  When  a  part  of  the  tail  is  separated  from  ^ 
the  animal  by  its  own  efforts,  there  seems  to  be  no  laceration 
pf  the  structures,  if  the  vessels  and  cellular  tissue  are  excepted. 
Not  a  scale  is  torn.  Eight  conical  processes  (four  pair8)« 
with  interspaces  between  each,  projects  from  each  severed 
part,  and  each  projection  consists  of  one-half  of  a  short  muscle 
which  fits  or  dovetails  into  each  other.  The  body  part  has 
the  ball,  and  the  tail  part  the  socket,  of  the  vertebrs^.     So 
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easy  and  harmless  does  this  act  of  the  animal  appear,  that  it 
may  almost  be  classed  among  the  functions. 

6.  Reproduction  of  Parts, — No  sooner  is  the  animal  sub- 
jected to  mutilation  than  the  reparatiye,  and  to  a  certain 
extent  reproductive,  process,  is  instituted.  If  the  loss  has 
been  the  result  of  the  instinctiye  efforts  of  the  animal,  the 
parts  seem  very  rugged  and  irregular,  though,  on  examination, 
a  sort  of  three-fold  dislocation  is  found  to  have  taken  place— 
scale  from  scale,  muscle  from  muscle,  vertebra  from  vertebra. 
As  in  other  animals  in  similar  circumstances,  lymph  is  thrown 
out,  which  at  first  covers  the  stump,  and  from  day  to  day  is 
added  to  till  there  is  a  prolongation  of  a  conical  form  to  the 
extent  of  about  half-an-inch,  the  reproduced  part  varying  in 
length  and  form  in  almost  every  case — a  result  depending, 
apparently,  on  the  stage  of  growth  at  which  the  animal  has 
arrived.  This  new  structure  is  at  first  covered  by  an  imper- 
fect envelope,  which  comes  off  with  the  slough ;  but  in  the 
course  of  time^— from  four  to  six  months — scales  are  formed, 
and  the  reproductive  process  is  at  an  end.  In  the  case  of  an 
aged  animal  the  reproduced  part,  at  3  inches  below  the 
cloaca  is  6  lines ;  and  in  a  younger  specimen,  at  2  inches 
below  the  cloaca,  the  reproduced  part  is  7  lines  in  length — 
the  first  being  composed  of  seven  rows  of  scales,  and  the 
other  of  ten  rows,  including  in  both  cases  the  terminal  conical 
jcale.  The  scale-plates  and  scales  of  the  reproduced  part  are 
comparatively  strong,  small,  and  numerous.  In  the  first  case 
the  part  was  separated  where  the  scales  are  ten  in  number  in 
the  circumference  of  the  tail — ^the  new  scales,  at  the  point  of 
union  with  the  old,  are  twenty  in  number;  in  the  other 
case  the  scales  at  the  severed  part  are  twelve — ^those  of  the 
reproduced  portion,  at  the  point  of  union,  amount  to  eighteen. 
Vertebras  are  not  reproduced. 

7.  Oestation  and  Hybernation. — The  periods  of  hyberna- 
tion and  of  gestation  of  the  Anguis  fragilie  I  have  never 
been  able  to  determine  by  the  closest  observation.  The  ar- 
tificial method  of  keeping  reptiles  necessarily  adopted  by  the 
naturalist  for  acquiring  a  minute  knowledge  of  their  habits, 
is  not  the  best  for  all  purposes.    The  more  equal  temperature 
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of  a  house,  and  confinement  in  boxes,  are  alike  nnsnited  for 
SQCcessfiil  results.  In  all  instances,  in  the  natoral  state,  hj- 
bemation  must  vary  with  the  setting  in  of  winter  and  spring 
respectiTcly.  As  to  gestation,  if  the  reptile,  in  this  country, 
has  only  one  set  of  young  in  the  year,  which  I  am  disposed 
to  believe,  and  granting  that  it  follows  other  cold-blooded 
animals,  to  which  it  has  some  affinity,  in  making  the  repro- 
duction of  species  its  first  effort  after  the  slumbers  of  the 
winter ;  and  granting,  also,  that  it  has  been  rarely  found  in 
activity  in  Clydesdale  earlier  than  the  middle  of  April,  I 
would  be  disposed  to  fix  about  four  months  as  the  period  of 
gestation ;  because,  in  every  instance  within  my  observation^ 
the  impregnated  specimens  found  produced  their  young  or  eggs 
late  in  August  or  early  in  September. 

On  dd  September  1845  a  litter  was  hatched  all  but  under 
my  own  eye,  and  I  had  the  parent  in  my  possession  from  the 
preceding  June.  On  opening  the  box  in  which  it  was  con- 
fined, I  found  seven  young  in  great  activity,  with  the  foetal 
vascular  tissues  still  fresh,  attached  to  the  cloacal  valve,  and 
four  eggs,  membranous  obloug  bodies,  little  larger  than  a  field 
bean,  three  of  which  ultimately  yielded  their  living  contents, 
and  one  remained  entire  with  the  young  one  visible  within. 
The  young  at  this  stage  of  existence  were  from  33  to  36  lines 
long,  not  thicker  than  a  small  earth-worm,  and  weighed  from 
11  to  13  grains.  In  this  way  I  became  possessed  of  ten  ob- 
jects of  special  interest.  During  the  first  day,  one  was,  no 
doubt,  devoured  by  its  parent,  for  I  found  half  of  the  tail  un- 
consumed,  which  the  little  creature  had  in  all  probability 
wriggled  off  in  an  instinctive  struggle.  On  procuring  small 
slugs,  the  young  reptiles  pounced  upon  them  with  artful  avi- 
dity ;  and  so  voracious  were  they,  that  one  of  the  slugs  pro- 
vided for  the  old  animal  was  seized  upon,  although  ten  times 
the  weight  of  the  creature  that  made  the  bold  attempt.  It 
was  amusing  to  see  the  slug  moving  on  in  its  even  course  with 
the  slender  reptile  attached,  tugging  in  vain  for  the  victory. 
Though  all  did  not  grow  equally,  they  on  an  average  gained 
about  an  inch  in  length,  with  a  proportionate  growth  other- 
wise, monthly,  for  the  first  year.    Among  my  stock  I  fre- 
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(^uently  had  aborted  eggs,  apparently  all  yolk.  In  spring, 
these  inoffensive  reptiles  became  among  themselves  pug- 
nacious. Two  individuals,  in  particular,  I  had  frequently 
occasion. to  separate  from  what  appeared  a  death  struggle; 
and  as  the  violence  was,  in  a  sense,  exceptional,  I  considered 
the  causa  belli  to  be  sexual. 

8.  Feeding^  Motions^  8fc. — This  reptile  shuns  the  light, 
and  is  often  found  in  long  grass,  or  under  the  new  laid  swath, 
where  food  is  likely  to  be  found.  In  seizing  its  prey  some- 
thing like  a  display  of  strategy  is  made.  The  object  is  marked, 
the  animal  hovers  over  its  victim,  arches  its  neck,  and  ulti- 
mately, though  the  action  seems  unnecessary,  darts  upon  it. 
Whatever  is  seized  is  gorged,  and  apparently  all  but  impos-» 
sible  masses  are  swallowed.  I  have  seen — besides  slugs,  which 
it  seems  to  prefer,  and  worms  which  it  feeds  on  readily — ^very 
small  frogs  and  toads,  and  also  caterpillars,  to  which  it  was 
restricted,  taken ;  and  I  have  good  grounds  for  believing  that 
its  own  young  are  not  rejected.  The  manner  of  seizing  its 
prey  would  suggest  that  it  has  to  deal  in  a  state  of  liberty 
with  animals  more  active  than  the  snail  or  worm.  The  gorg- 
ing process  is  slow  but  certain ;  the  snail  being  caught,  the 
slow-worm  rests  for  a  considerable  time,  when  a  sort  of  con- 
vulsive opening  and  shutting  of  the  jaws  take  place — a  pause 
and  similar  efforts  occurring  at  what  seems  measured  intervals, 
till  the  object  disappears  within  the  jaws.  A  circumstance 
which  long  puzzled  my  discerning  powers,  may  be  worth 
notice :  I  remarked  that  the  bulging  mouthful,  made  by  a 
large  slug,  acquired  a  singular  impulse  inwards  each  time  the 
mouth  was  opened,  and  that  although  the  mouth  was  opened 
comparatively  slowly,  an  instant  snap  succeeded,  as  if  to  make 
good  the  advantage.  After  careful  watching,  and  a  thorough 
examination  of  the  machinery,  I  came  to  the  conclusion  that 
the  peculiar  teeth  of  fishes  and  of  reptiles  were  contrived  not 
only  as  seizing  and  retaining  instruments,  but  that  in  the 
opening  of  the  mouth  a  necessary  mechanical  power  was  exer- 
cised by  the  curved  teeth,  which  effected,  in  animals  so  con- 
structed, the  needful  purpose  of  advancing,  at  every  such 
effort,  the  peculiar  nutriment.  The  animal  drinks  equally 
slowly.    If  the  water  be  on  a  level  with  its  body,  it  elevates 
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its  head,  carrefl  its  neck,  and  projects  its  long,  notched  tongue 
into  the  fluid,  withdrawing  and  projecting  it  sluggishly  for  a 
considerable  time.  When  satiated  it  seems  delighted,  raises 
its  head  high,  waving  it  to  and  fro,  performing  something 
like  smacking  the  lips,  and  accompanying  the  act  with  an 
audible  chirp,  a  sound  rarely  heard  at  other  times.  Many 
were  easily  trained  to  take  a  drop  of  water  from  the  tip  of  the 
finger. 

Upon  a  flat  surface  the  motions  of  the  animal  are  awkward 
and  ineffectual ;  among  grass,  on  the  contrary,  it  urges  itself 
on  sweepingly,  in  a  sinuous  course,  the  sides  of  the  body  and 
tail  being  the  motive  agents.  It  has  a  very  perfect  reversing 
action — ^the  retrograde  motion  without  the  slightest  doubt; 
and,  in  addition,  it  has  a  sort  of  prehensile  power  in  its  tail, 
by  which  it  can  suspend  its  body.  The  respiration  is  peculiar 
the  animal  expires  at  distant  intervals,  but  no  sooner  is  the 
expiration  made  than  inspiration  follows.  In  motion,  like 
serpents,  the  animal  is  constantly  darting  out  its  long,  par- 
tially-cleft tongue.  When  in  vigour,  as  in  a  fine  warm  day, 
the  act  is  like  one  rapid  dash ;  but  when  less  energetic,  as  in 
the  cold  of  the  morning,  the  action  can  be  made  out  very  dis- 
tinctly to  consist  of  three  distinct  waggles  of  the  tongue  up 
and  down.  I  have  long  sought  to  interpret  this  singular  act 
without  success ;  but  I  am  disposed  to  think  it  has  something 
to  do  either  with  the  search  after  food,  or  with  discerning  ob- 
stacles. 

Skeleton.-^The  most  notable  peculiarity  of  the  bony  frame- 
work of  this  animal,  andthose  of  the  same  type,is  thewell-known 
existence  of  vestiges  of  the  agents  of  locomotion — ^the  rudi- 
ments of  a  quadruped  form.  In  the  shoulder  there  are  most 
distinct  scapulae,  clavicles,  and  a  sternum  ;  in  the  pelvis,  be- 
sides an  expansion  of  vertebrse,  with  fixed  and  enlarged  lateral 
spines,  there  is  a  small  bone  on  each  side,  scarcely  connected 
with  the  wings  of  the  superior  sacral  vertebra,  which  may  be 
viewed  either  as  a  sort  of  completion  of  the  circle  of  the 
pelvis,  or  as  representing  the  bones  of  the  leg. 

But  there  are  other  peculiarities  in  the  skeleton  worth  noting, 
which  may  not  have  been  recorded. 

In  determining  the  co-relation  of  scale-plates  and  scales,  I 
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had  at  first  concluded  that  the  former  were  all  strictly  dermaU 
On  carefully  removing  this  bony  inyestiture,  howerer,  plate 
by  plate  from  the  head,  it  was  fonnd  that  several  plates,  which 
in  every  other  part  of  the  body  are  dermal,  had  assumed  the 
character  of  ^jermanent  bones  of  the  head  at  and  around  the 
vertex.  This  is  a  condition  which  may  probably  exist  in  other 
animals  of  the  same  type.  In  the  alligator,  and  its  allies, 
something  of  a  similar  nature  occurs,  and  in  the  saurians  of 
the  coal  age,  there  is  what  may  be  pronounced  a  sfcrictly  iden* 
tical  arrangement. 

In  studying  the  skeleton  of  the  serpent,  one  is  constrained 
to  view  it  as  essentially  a  vertebral  column,  of  very  admirable 
workmanship  and  adaptation,  surmounted  by  a  head  which, 
small  as  it  is  comparatively,  seems  principally  to  be  occupied 
in  giving  place  and  development  for  the  sentient  organs,  but 
which,  besides,  in  the  venomous  tribes,  is  a  startling  array  of 
delicate  and  appropriate  machinery  for  supply  and  defence ; 
in  the  innocuous  serpents  for  the  former  purpose  only,  so  ar- 
ranged as  to  encompass  what  may  be  viewed  as  an  enlarged 
or  elongated  vertebra,  the  brain-pan  proper,  forming  a  small 
portion  of  the  head,  namely,  in  the  slow-worm,  one-third  in 
length,  or  l-78th  of  that  of  the  entire  animah 

In  the  Angvis  frcyilU  the  bones  of  the  head  are  more  com- 
pact than  those  of  serpents.  It  has  a  single  row  of  teeth  in 
each  jaw,  widely  apart,  on  a  bony  setting,  and  so  placed  that, 
viewed  from  without,  half  the  length  of  the  basement  portion 
is  concealed  by  an  over-lapping  part  of  the  jawbone,  the 
pointed  and  curved  portion  only  being  seen  above  the  edge  of 
the  bone ;  an  arrangement  closely  analogous  to  that  observed 
in  the  bone-clad  sauroids  of  the  carboniferous  epoch. 

The  number  of  vertebrae  in  the  whole  length  of  the  animal 
is  132 ;  but  if  advantage  be  taken  of  a  peculiar  subdivision 
of  the  caudal  portion,  to  be  afterwards  adverted  to,  the  num- 
ber will  be  considerably  greater.  The  whole  column  may 
be  arranged  into  2  vertebrae  in  the  neck,  58  in  the  trunk,  1 
in  the  lumbar  region,  2  in  the  sacrum  or  pelvis,  and  69  in  the 
tail. 

The  cervical  consist  of  the  atlas  and  dentata,  which  are 
very  easily  distinguished  from  each  other,  the  atlas  having 
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two  sockets,  as  in  serpents,  one  which  receives  the  ball  of  the 
occipital  bone,  and  the  other  which  receives  the  tooth  of  the 
dentata ;  the  dentata  having  two  balls,  the  tooth  anteriorly, 
and  the  ball  common  to  all  the  vertebrae,  with  the  exception 
noted,  posteriorly.  The  vertebrsB  of  the  body  are  constructed 
on  a  more  simple  plan  than  in  the  serpent :  each  has  eight 
articular  surfaces,  the  socket,  the  ball,  two  articular  convex 
processes  for  the  ribs,  and  four  articular  facets.  The  internal 
aspect  is  destitute  of  any  process ;  the  animal,  accordingly, 
unlike  serpents,  has  no  muscular  arrangement  on  the  inner 
surface  of  the  spinal  column  ;  and  the  processes  (apart  from 
the  ribs,  which  are  well  equipped  for  motion),  for  muscular 
action  externally,  are  small,  all  indicating  a  comparatively 
feeble  action  in  that  region.  The  vertebrse  of  the  body  of 
serpents,  on  the  contrary,  have  each  twelve  articular  surfaces, 
and  have  strong  internal  and  external  spines,  with  a  corre- 
sponding muscular  provision. 

The  last  vertebra  of  the  body  may  fairly  enough  be  reckoned 
as  the  representative  of  a  lumbar  division ;  for  although  some- 
times provided  with  lateral  articular  convexities,  like  the  verte- 
brse of  the  body,  and  the  short  processes  which  represent  the  ribs 
are  moveable,  or  one  may  be  moveable  and  the  other  not ;  still, 
it  most  frequently  happens  that  both  are  fixed,  and,  in  this  re- 
spect, is  more  like  a  caudal  vertebra.  The  two  sacral  verte- 
brse have  comparatively  large  lateral  spines,  and  are  developed 
appropriately  for  the  cloacal  and  generative  functions.  The 
vertebrse  of  the  tail,  to  a  greater  degree  than  in  any  of  the 
long-tailed  serpents  I  have  examined,  have  a  construction 
suited  alike  for  quick,  powerful,  and  varied  action.  Each 
member  is  furnished  with  six  articular  surfaces,  and  with  four 
long  spines,  a  superior,  two  lateral,  and  an  inferior,  which  last 
is  divided  at  its  base,  giving  it  the  form  of  a  pointed  arch,  in 
which  the  vessels,  &c.,  find  a  secure  passage. 

But  each  caudal  vertebra,  with  the  exception  of  a  few  near 
the  pelvis,  has  in  itself  a  sort  of  spike-and-facet  joint,  the  an- 
terior third,  consisting  of  the  socket  and  anterior  articular 
facets,  being  moveable  upon  the  posterior  and  larger  portion. 
When  the  extreme  flexibility  and  strength  of  this  part  is  con- 
sidered, the  provision  thus  exemplified  is  at  once  seen  to  be 
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simple  and  adequate.  So  far  as  my  obseryations  have  ex- 
tended, this  peculiarity  of  the  caudal  vertebrae  is  unique, 
though  the  same,  or  some  modification  of  it,  may  be  expected  to 
be  found  in  those  reptiles  which  have  a  similar  action  of  the 
tail. 

Viscera. — The  conservative  and  generative  organs  of  the 
Anguis  fraffilisy  are  all  but  identical  with  those  of  serpents. 

Diseases. — ^The  morbid  states  of  the  animal,  which  I  have 
marked,  resulted  probably  from  faults  in  management,  in  a 
great  degree ;  but  as  numerous  specimens  were  treated  alike, 
and  deaths  were  unfrequent,  the  causes  were  not  distinctly 
traced  to  this  source.  Impaction  of  the  rectum  by  a  chalky 
matter,  which  appeared  in  every  healthy  dejection,  to  some 
extent,  was,  apparently,  the  cause  of  death  in  several  instances. 
In  a  few  instances  death  seemed  to  result  from  retention  of 
numerous  unvivified  ova.  But  one  specimen,  which  was  long 
carefully  watched,  with  tumours  of  the  lower  jaw,  and  point  of 
the  tail,  furnished,  on  inspection,  an  example  of  positive 
disease.  In  this  instance  great  enlargement  and  induration  of 
the  kidney  on  the  left  side  was  found  to  exist.  Destruction 
of  some  of  the  vertebrae  was  also  found ;  a  state  which  might 
have  been  ascribed  to  pressure  of  the  enlarged  kidney,  had 
not  the  external  tumours  been  accompanied  with  absorption 
of  bone  of  the  adjacent  parts.  The  disease,  in  this  instance, 
was  therefore  probably  malignant  in  character. 
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British  Association  for  the  Advancement  of  Science, 
Cheltenham^  August  5-12, 1856. 


The  following  detailed  abstraets  of  the  papers  submitted  bj  Profesaor 
Goodsir  to  Section  D.  at  the  Cheltenham  Meeting  of  the  British  Associa- 
tion in  Aagnst  last,  were  prepared  b/  the  author  for  our  last  number : — 

1.  On  the  Morphological  relations  of  the  nervous  systems  in  the  An- 
ntdose  and  Vertebrate  t^rpes  of  organisation. 

2.  On  the  Morphologu»l  constitution  of  the  skeleton  of  the  Vertebrate 
Head. 

3.  On  the  Morphological  constitution  of  Limbs. 

1.  Ont?^  Morphological  relations  of  the  Nervous  System  in  the  Annulou 

and  Vertebrate  types  of  Organization, 

The  object  of  this  communication  is  to  indicate  the  morphological 
character  of  the  apparently  different  anatomical  relations  of  the  central 
portions  of  the  Annulose  and  Vertebrate  nervous  systems. 

The  term  Annulose  is  employed  proyisbnally,  and  in  a  morpholog^ical 
sense,  as  inclading  all  animals  possessing  a  ganglionic  nervous  collar  and 
axis,  and  presenting,  at  the  same  time,  more  or  less  distinct  indications 
of  a  segmented  structure  of  body. 

Physiologists  appear  generally  inclined  to  consider  the  central  portions 
of  the  Annulose  and  Vertebrate  nervous  systems  as  modified  forms  of  the 
same  arrangement.  These  forms  are  held  to  possess  a  general  similarity 
of  structure,  and  correspondence  in  function ;  and  the  ganglionic  colltf 
and  axis  of  the  Annulose  are  assnmed  to  be  homologous  either  with  the 
oerebrO'Spinal  axis,  or  with  the  series  of  ganglions  on  the  posterior  roots 
of  the  spmal  nerves,  or  with  the  system  of  sympathetic  ganglions  of  ike 
Vertebrate  animal. 

In  my  own  examination  of  this  subject  I  have  been  strongly  impressed 
with  the  necessity  of  determining  the  morphological  character  of  the 
oesophageal  collar,  and  the  opposite  positions  of  the  so-called  brain  and 
abdominal  ganglionic  cord,  before  any  satisfactory  advance  could  be  made 
in  ascertaining  the  relations  of  the  two  forms  of  nervous  system.  The 
apparent  morphological  difference  between  them  does  not  appear,  in  the 
estimation  of  physiologists  generally,  to  present  that  obstacle  to  a  satis- 
factory comparison  which  its  essentially  fundamental  character  would 
lead  us  to  expect.  The  difficulty  has,  however,  been  clearly  stated  by 
Professor  Owen,  who,  in  discussing  the  relations  of  the  endo-  and  exo- 
steletons  in  his  Lectures  on  Fishes,  page  21,  says, — **  Geoffroy  St  Hilaire 
thought  it  needed  but  to  reverse  the  position  of  the  Crustacean — ^to  turn 
what  had  been  wrongly  deemed  the  belly  upwards — ^in  order  to  demon- 
strate the  unity  of  organization  between  the  Articulate  and  Vertebrate 
animal.    But  the  position  of  the  brain  is  thereby  reversed,  and  the  ali- 
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mentaiy  canal  still  mterTenea  in  the  Inyertebnte  between  the  aortie 
trunk  and  the  neural  canal." 

I  most  here  premise,  that  while  I  hold  the  general  morphological  rela- 
tiona  of  the  Annnloae  and  Vertebrate  neryons  s/atems  to  be  identical,  I  do 
not  consider  these  two  tjpes  of  organisation  to  be  mutnallj  redncible. 
On  the  contrary,  they  are  fundamentally  distinct,  presenting  differences 
which  demand  careful  consideration.  It  is,  neyerthdess,  incumbent  on 
the  morpholo^;i8t  to  ascertain  in  what  respects  thej  correspond,  so  as  to 
determine  thenr  distinctiye  limits. 

Mj  earlier  conception  of  the  morphology  of  the  Annnlose  neryous  system 
was  based  on  that  of  Cams.  I  conceiyed  that  each  segment  of  the  An- 
nnlose animal  contains  potentially  an  annular  neryous  arrangement,  set 
in  a  plane  at  right  anffles  to  the  axis  of  the  segment,  or  longitudinal  axis 
of  the  animal ;  that  we  only  complete  neryous  ring  is  that  one  through 
which  the  oesophi^us  passes ;  that  the  ganglions  on  this  ring  are  arran^d 
in  the  yarious  torms  of  superior,  Uktend,  and  inferior  osopha^al 
masses;  that  the  neryous  rings  in  the  post-cephalic  segments  are  all 
ineomplete  aboye,  and  haye  their  ganglions  united  into  a  smgle  or  double 
mass  below ;  and  that  all  the  rings  are  united  by  a  series  of  longitudinal 
abdominal  commissures.  According  to  this  yiew,  the  oesophageal  collar, 
with  its  superior,  lateral,  and  inferior  ganglions,  is  homologous  with  each 
pair  of  segmental  neryes,  and  the  corresponding  abdominal  ganglionic 
centre  ;  the  esophageal  collar  being  in  a  plane  parallel  to  those  in  which 
the  post-cephalic  ganglions  and  their  pairs  of  neryes  are  situated,  but  at 
right  angles  to  the  line  of  the  series  of  abdominal  ganglions. 

1  first  recognised  what  I  belieye  to  be  the  real  morphological  relations 
of  the  Annnlose  neryous  system  during  the  deliyery  of  a  course  of  lectures 
on  Inyertebrate  Anatomy  in  1849 ;  but  more  fully  and  completely  during 
courses  on  the  Anatomy  of  the  MoUusca  in  1850,  and  on  the  Anatomy  of 
the  Crustacea  in  1851. 

I  now  peroeiyed  that  the  fondamental  difference  between  the  morpho- 
logical relations  of  the  Annnlose  and  Vertebrate  neryous  systems,  con- 
sists in  the  position  of  the  mouth. 

I  saw  that  the  entire  axis  or  central  portion  of  the  neryous  system 
extends  along  the  neural  aspect  of  the  body  in  both  l^rpes  of  orgamxa- 
tion ;  but  that  while,  as  is  weU  known---althou|^h  its  morphological 
Importance  does  not  appear  to  haye  been  peroeiyed-4he  Vertebrate 
mouth  opens  into  the  hsemal,  the  Annnlose  mouth  passes  through  the 
neural  aspect  of  the  body. 

In  the  Annnlose  animal,  therefore,  the  buccal  entrance  interferes  with 
the  neryous  axis — ^passing  up  between  the  two  lateral  halyes  of  one  of 
its  longitudinal  commissival  or  inter-ganglionic  cords,  so  as  morphologi- 
cally to  diyide  the  continuous  axis  into  ajpre-stomoZ  and  a  poit^tomal 
portion. 

These  relations  are  most  satisfactorily  seen  in  the  Crustacea,  in  which 
the  so-called  brain,  or  supra-cesophageal  ganglion  or  neryous  mass  is 
actually  in  front  of  the  mouth,  and  not  aboye  it. 

In  Insects,  Annelids,  and  Mollusca,  the  bulk  of  the  buccal  mass,  and 
other  necessary  modifications  of  the  oral  apparatus,  eleyate  the  so-called 
brain,  curying  upwards  the  morphological  axis  of  the  body  of  the  animal. 

By  comparing  the  indications  of  segments  in  front  of  the  mouth,  and 
their  corresponding  diyerging  appendages,  with  the  arran^^ement  and  dis- 
tribution of  the  neryes  ^yen  off  m)m  the  so^»Iled  brain,  it  appears  yery 
eyident  that  tbis  brain  is  the  aggregate  of  the  segmental  nervous  centres 
in  front  of  the  mouth. 

In  like  manner  indications  afforded  by  the  segments,  and  their  appen- 
dages immediately  behind  the  mouth,  enable  ns  to  determine  whether  the 
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eo-called  sulMBtophageal  ganglionic  mau  i»  a  single  segmental  ganglion, 
or  an  aggregate  of  antero-posteriorlj  united  segmental  ^an^lions. 

In  this  waj  I  was  enabled  to  peroeive  that  the  axis  or  the  nerrons 
sjstem  of  the  Annulose  animal  does  not  consist  of  a  supra-«esophageal 
mass,  of  an  oesophaffeal  ooUar,  of  a  snb-cesophageal  mass,  and  a  coniinnona 
sub-intestinal  gan^ionic  chain ;  but  of  a  continuous  line  of  connected 
and  aerially  homologous  ganglions  situated  in  the  mesial  line  of  the  neural 
aspect  of  the  bodj. 

The  Annulose,  like'  the  Vertebrate  animal,  is  developed  with  its  ner-- 
yous  axis  turned  awa/  from,  and  its  hssmal  axis  applied  against,  the  yi- 
tellarj  mass  * 

But,  in  the  course  of  deyelopment,  the  mouth  of  the  Vertebrate  opens 
through  the  surface  applied  against  the  yitellarj  mass,  whilst  that  of  the 
Annulose  animal  passes  through  the  aspect  turned  awaj  from  it.  The 
Vertebrate  mouth  is  hasmal,  the  Annulose  mouth  neural. 

Rathke  formerly  described  the  pituitary  body  as  originating  in  a  diyer- 
tioulum  passing  up  from  the  pharyngeal  mucous  membrane  through  the 
basis  of  the  embryo  skuU.  I  at  one  time  conceived  it  to  be  probable  thai 
the  pituitary  body,  and  the  mucous  tube,  in  which,  according  to  Rathke, 
it  onginates,  might  be  indications  in  the  Vertebrate  of  a  structure  which,  in 
the  Annulose  animal,  is  converted  into  the  moutih.  This  presumed  neural 
alimentary  passage  may  be  conceived  as  passing  up  between  the  bodies  of 
the  anterior  and  posterior  sphenoid  bones  into  the  sella  turcica,  along  the 
course  of  the  infundibulum  to  the  third  ventricle  of  the  brain,  and  throu^yh 
the  cavity  of  that  organ  to  its  upper  surface  behind  the  cerebellum,  thus 
leaving  the  origins  of  the  nerves  of  smeU  and  vision  in  the  pre-stomal 
portion  of  the  organ,  while  the  origin  of  the  nerve  of  hearing  would  re- 
main in  the  medulla  oblongata  or  post-stomal  portion  of  the  cephalic  ner- 
vous mass.  The  arterial  cinde  of  Willis,  and  other  peculiar  arrangements 
at  the  base  of  the  skull  and  brain,  appeared  to  support  the  view  taken. 
I  shall  not,  however,  pursue  this  hypothesis  further,  because,  from  the 
observations  of  Reichart,  we  know  that  the  base  of  the  cranium  is  not 
perforated  in  the  embryo,  and  that  the  supposed  canal  or  diverticulum  was 
an  incorrect  interpretation  of  the  peculiar  appearances  produced  by  the 
curvature  downwards  of  the  early  Mammalian  he8d.t 

If  I  have  determined  aright  the  morphological  relations  of  these  two 
forms  of  nervous  system,  we  shall  have  advanced  a  step  in  our  concep- 
tions of  the  anatomico-physioloffical  relations  of  the  Annulose  and  Verte- 
brate animals,  and  this  without  losing  sight  of  the  fundamental  differences, 

•  From  the  paisage  in  his  Leotares  already  quoted,  Professor  Owen  would  appear 
to  consider  the  dorsal  heart,  with  its  anterior  and  posterior  arterial  trunks  in  the 
decapod  Cnistaoean,  and  consequently  the  dorsal  vessel  in  the  Insect,  Araohnidan, 
and  Annelid,  as  corresponding  to  the  thoracic,  abdominal,  and  caudal  aortic  trunk  of 
the  Vertebrate  animal.  On  this  supposition  only  can  we  understand  his  assertion, 
that  when  the  so-called  belly  of  the  Crustacean  is  turned  upwards,  its  alimentary 
canal  is  still  interposed  between  the  aortic  trunk  and  the  neural  canid.  Embryology, 
Comparative  Anatomy,  and  Physiology,  appear  to  me,  however,  to  afford  ample  proof 
that  the  cardiac-arterial  dorsal  trunk  of  the  Annelid,  Crustacean,  Insect,  or  Araohni- 
dan, is  homologous  not  with  the  sub-spinal  aorta  of  the  Vertebrate,  but  with  the  pri- 
mordial cardiac-arterial  tube  in  all  the  forms  of  the  embryo  Vertebrate,  and,  oonse- 
quently,  with  the  heart  and  trunk  of  the  branchial  artery  of  the  Fish.  If  this,  then* 
is  the  real  homology  of  the  "  aortic  trunk''  of  the  Crustacean,  and  if  it«  "  brain"  is  in 
fact  only  a  pre-ttomal  portion  of  its  nervous  axis,  the  French  anatomist  was  quita 
correct  in  his  general  morphological  statement,  although  he  was  not  legitimately  en- 
titled at  the  time  to  employ  the  illustration. 

t  I  have  introduced  the  hypothesis  of  a  Vertebrate  neural  month  (east  aside  in  tha 
course  of  my  examination  of  the  subject),  because  I  believe  it  will  be  found  to  involve 
relations  of  importance  in  the  anatomico-phytiological  investigation  of  the  pre-stomal 
and  post^tomal  portions  of  the  Vertebrate  and  Annulose  cephalic  nervous  masses. 
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developmental  and  gtnictoral,  between  them.  The  researches  of  Milne- 
Ed  waras,  and  of  Newport  and  others,  on  the  Annulose  nerroos  axis  may 
thus  be  physiologically  associated  with  those  of  Wagner,  Schroeder  Van 
der  Kolk,  Owsjannikow,  Jacobowitsch,  and  Kupffer,  on  the  cerebro-spinal 
axis ;  and  we  may  now  legitimatelr  employ  the  Annulose  animal  in  the 
morphological  inyestigation  of  tiie  Vertebrate  skeleton. 

Omitting,  for  the  present,  the  consideration  of  the  mode  in  which  the 
nervous  systems  in  the  Tonicata,  Rotifera,  and  Entozoa,  are  reducible  to 
the  typical  Annulose  form,  I  proceed  to  make  some  general  morphological 
atatensents,  based  to  a  certain  extent  on  the  principle  indicated  in  this,  and 
introductory  to  the  two  following  communications :-« 

1.  The  morphology  of  any  one  organic  system  in  the  Annulose  or  VeT«. 
tebrate  animal,  cannot  be  safely  or  satisfactorily  investigated,  without 
constant  reference  to  the  others.  That  it  must  be  so  is  evident  from  the 
fact,  that  all  the  organic  systems  are  dependent  on  one  another,  in  the 
constitution  of  the  organism. 

2.  All  sound  morphologi^  inquiry  demands  constant  reference  to  the 
series  of  embryo,  as  well  as  of  adult  &rms. 

3.  Ab  morphology  deals  with  forms  and  relations  of  position,  it  de- 
mands a  careful  selection  of  terms,  and  a  methodized  nomenclature.  All 
terms  involving  more  or  less  than  their  morohological  application  demands, 
must  be  avoided.  Terms  derived  fit>m  other  departments  of  the  scienoe, 
and  having  therefore  an  established  technical  meaning,  haye  invariably 
produced  miMX>nception,  when  transferred  for  morphological  purposes. 

Influenced  by  these  considerations,  and  satisfied  that  the  Annmose  and 
Vertebrate  types  of  organization,  although  fundamentally  distinct,  present 
parallel  forms  of  structure,  and  must  consequently  be  closely  linxed  to- 
gether in  morphological  inquiry,  I  have  to  suggest  a  more  extended  and 
precise  system  of  nomenclature  for  this  department  of  the  science. 

In  the  Annulose  and  Vertebrate  types  of  organization,  the  body  of  the 
animal  consiats  of  a  linear  series  of  segments.  To  the  constituent  seg- 
ment, with  its  diverging  appendages,  I  apply  the  term  Somatome  {vufAm, 

FoT  the  purpose  of  avoiding  circumlocution,  and  of  supplying  a  term 
for  a  generalized  conception,  and  therelrjr  facilitating  morphological  de- 
scription, without  encroaching  on  zoological  nomenclature,  1  denominate 
a  segmented  animal,  whether  Annulose  or  Vertebrate,  an  EnUnno8<mie 
— an  entomosomatous  animal  {tirrofcof.  omfca), 

Aa  the  constituent  somatomes  are  invariably  arranged  in  groups,  in 
each  of  which  they  are  more  or  less  modified  in  form,  or  fused  together, 
I  find  aysaomatome  (ervir.  0r«^«.  rtftva)  a  convenient  designation  for  such 
a  group.  A  typical  Crustacean  presents  a  cephalic,  a  thoracic,  and  a 
caudal  syaaomatome,  in  each  of  which  there  are  seven  somatomes — ^twenty- 
one  in  aU. 

The  constituent  somatomes  lie  in  planes  at  right  angles  to  the  morpho- 
logical axis  of  the  body,  and  are  symmetrical  in  the  transverse,  but  un- 
symmetrical  in  the  perpendicular  direction.  They  are,  however,  not  only 
unsymmetrical  in  tiieir  upper  and  under  surfaces,  but  the  surfaces  so 
named  in  the  Annulose  are  morphologically  distinct  from  those  similarly 
deaigrnated  in  the  Vertebrate  animal.  The  Annulose  animal  moves  on  the 
surface  which  was  turned  away  from  the  vitellary  mass  daring  develop- 
ment ;  the  Vertebrate  animal  moves  on  the  surface  which  was  applied  to 
it  during  deyelopment.  As  the  axis  of  the  nervoua  aystem  is  formed  at 
the  surface  turned  away  firom  the  viteUarj  maas,  and  the  axia  of  the  vaa- 
cular  ayatem  ia  formed  at  the  aurface  applied  to  it  in  both  typea  of  organi- 
zation,! employ,  aa  morphological  deaignationa,  the  term  Neuropod  (nv^r. 
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9rwr)  for  an  Anniiloee,  and  Hsiu^kkI  (Atfuu  ^nvf)  for  a  Yertebrate 
animaL 

The  montli  of  the  entomosomatotu  animal  ii  invariablj  situated  be- 
tween two  somatomes,  and  so  that  a  certain  nnmber  of  somatomes  are 
interposed  between  it  and  the  anterior  termination  of  the  bodj.  As  the 
mouth  is  only  one  of  a  number  of  openings  situated  between  somatomes, 
I  find  such  openings  conveniently  distinguished  as  metcuomatomie. 

The  mouth  of  the  Neuropod  is  a  nenraO,  that  of  the  Hasmapod  a  hsemal 
metasomatomic  opening. 

As  the  somatome  exhibits  in  its  structure  corresponding  segments  of 
certain  or  of  all  the  organic  systems,  I  have  found  the  following  morpho- 
logical terms  extremely  oonyenient  in  referring  from  the  segment  of  one 
organic  system,  to  the  oorrespondine  segments  of  the  others. 

For  the  entire  framework  of  an  fintomasome,  whether  this  framework 
be  developed  in  its  integument  or  in  its  interior,  whether  it  be  fibrous,  carti- 
laginous or  osseous,  I  employ  the  term  Sclerome  (axAffo; ,  with  the  termina- 
tion of  completeness).  To  a  segment  of  the  sderome  I  apply  the  designa- 
tion Sclerotome  (vxXi^o^.  rtfAPtt).  An  aggregate  of  more  or  less  modified 
sclerotomes,  I  name  a  SyMclerotome  (^vy).  Making  use  of  my  former 
illustration,  the  sderome  of  a  typical  Crustacean  consists  of  twenty-one 
sclerotomes  grouped  in  three  syssclerotomes.  Again,  the  sclerome  of  a 
Mammal  consists  of  a  number  of  sclerotomes,  grouped  into  the  cephalic, 
cervical,  thoracic,  lumbar,  sacral,  and  caudal  syssclerotomes. 

For  the  muscular  system  I  employ  the  terms  Myome,  Myotome,  Syn- 
myotome ;  for  the  nervous  system,  Neurome,  Neu/rotome,  Synnewrotome  ; 
for  the  vascular  system,  UoBmome,  Hcematome,  Sywematome ;  for  the 
morphologically  as  well  as  physiologically  important  digestive  system, 
with  its  segments,  and  groups  of  segments,  PeptofM,  Peptatome,  and 
Synpeptatom^,  &c. 

Till  very  lately,  I  had  not  met  with  any  indication  of  the  actual  mor- 
phological character  of  the  so-called  supra-oesophageal  ganglion  in  the 
works  of  British  or  Foreign  Physiologists.  1  have  now  found,  in 
an  obscure  comer  of  Yon  Baer's  works,  sufficient  evidence  that  he  had 
recognized  its  pre-stomal  character.  His  statements  are  contained  in  a 
single  paragraph,  which  forms  an  episode  in  the  middle  of  the  second  co- 
rollary of  the  fifth  scholium  of  his  work  on  the  Development  of  the  Chide 
in  ovo.  Yon  Baer  holds,  with  £.  H.  Weber  and  Treviranus,  that  the 
nervous  axis  of  the  Neuropod  is  homologous  with  the  series  of  ganglions 
on  the  posterior  roots  of  the  spinal  nerves  of  the  Ha^mapod ;  and  he  con- 
siders the  "  supra-cesophagear'  ganglion  to  be  the  homologue  of  the  Gasse- 
rian  ganglion  ;  but  he  adds,  *'  peculiar  stress  is  laid  on  this,  that  it  (tiie 
supra-oesophageal  ganglion)  lies  above  the  mouth  (tlber).  This  appears  to 
mo  to  be  a  false  view  of  the  matter ;  it  lies,  in  fact,  in  front  of  (vor)  the 
mouth."  He  gives  a  diagram  of  the  arrangement,  and  proceeds :  "  The 
following  sketch  will  make  it  evident  that  the  so-called  brain  of  the  In- 
sect has  the  same  signification  as  the  posterior  ganglions ;  and  the  oeso- 
phageal ring  is  only  a  secondary  formation,  dependent  on  the  breaking 
through  of  the  mouth,  permitted  by  the  symmetry  of  the  structuroy  and 
the  necessary  connection  of  the  ganglions.'' 

It  is  somewhat  remarkable  that  no  one,  even  of  Yon  Baer's  own  country- 
men, has,  so  far  as  I  know,  made  any  allusion  to  this  passage.  Indeed, 
he  does  not  appear  to  have  been  himself  aware  of  the  value  of  the  ob- 
servation, as  he  adduces  it  merely  in  the  form  of  an  argument  in  Ulustra- 
tion  of  another  subject,  and  does  not  again  recur  to  it.  For  my  own  part, 
having  ascertained,  on  independent  grounds,  and  publicly  taught  and 
illusti^ted^  for  some  years  the  principle  stated  in  this  communication,  I 
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fbel  gnttified  In  haying  this  opportunity  of  reieoing  from  temporary  ob- 
livion, and  of  adducing  in  sapport  of  mj  own  statement  of  the  principle 
the  original  annonncement  of  it,  made  twenty-eight  yean  ago,  by  one  of 
the  mott  philoeophie  of  modem  Anatomists.* 

2,  Onthe  MorphologiccU  Carutitutian  of  the  Skeleton  of  the  Vertebrate 

Head, 

In  an  abstract  which  professes  to  pve  only  the  general  results  of  my 
own  inyestigations,  I  cannot  enter  into  snch  eritioo-historical  details  as 
would  be  necessary  were  the  corresponding  or  opposite  results  obtained 
by  other  inqiurers  to  be  in  every  instance  brought  forward.  I  am  there- 
fore obliged  at  present  to  state,  in  a  somewhat  dogmatio  form,  the  results 
which  I  conceive  I  have  obtained,  and  the  views  I  have  been  induced  to 
take  of  a  subject  in  itself  extensive  and  difficult,  and  one  to  which  so  many 
distinguished  anatomists  have  devoted  themselves. 

Nature  of  the  svbfect, — ^The  framework  of  the  Vertebrate  head  is  a 
sysscleTotome — that  is,  a  group  of  sclerotomes  variously  modified,  and 
more  or  less  connected,  so  as  to  form  a  distinct  whole.  The  points  to  be 
determined  are  the  number  and  modifications  of  the  sclerotomes  in  the 
various  forms  of  Vertebrate  head.  There  are,  however,  some  preli- 
minary questions  which  must  be  briefly  examined. 

The  source  and  mode  of  origin  of  the  Sclerome  in  the  Vertebrate 
Embryo. — The  knowledge  we  at  present  possess  of  the  source  and  mode  of 
origin  of  the  Vertebrate  sclerome  is  the  result  of  the  successive  researches 
more  particularly  of  Pander,  Von  Baer,  Itathke,  Reiehart,  and  Eemak, 
on  the  development  of  the  blastoderma. 

Von  Baer,  whUe  he  adopted  the  doctrine  of  Pander  regarding  the  so- 
called  **  serous  "  and  <*  mucous  layers,"  took  a  somewhat  modifi^  view  of 
the  "  vascular  layer,"  and  directed  attention  more  particularly  to  the 
**  dorsal"  and  "  ventral  folds  "  of  the  blastoderma,  in  connection  with  the 
**  corda  dorsalis,"  as  fundamental  embryological  characteristics  of  the 
Vertebrate  type  of  organization. 

Among  the  numerous  results  of  the  researches  made  by  Rathke  in  every 
department  of  Embryology,  there  are  two  which  bear  particularly  on  the 
present  subject.  These  are  his  early  discovery  of  the  so-called  branchial 
clefts  ;  and  his  later  recognition  of  the  fact  that  the  series  of  quadrilateral 
bodies  on  each  side  of  the  ''corda  dorsalis,"  instead  of  being  the  rudiments 
of  vertebra,  contain  potentially  the  germs  not  only  of  these  bones,  but  of 
the  dorsal  muscles,  and  *'  probably  "  of  spinal  nerves. 

Reiehart  supplemented  the  previous  observations  of  Rathke  on  the  de- 
velopment of  the  "  branchial'  or  <*  visceral  laminss,"  and  of  the  nasal 
and  maxillary  portions  of  the  face. 

Finally,  Remak  has  ascertained,  on  independent  grounds,  that  each  pair 
of  the  dorsal  quadrilateral  bodies,  usually  consider^  as  the  rudiments  of 
vertebrae,  becomes  developed  superiorly  into  a  right  and  left  muscular 
plate,  and  inferiorly  into  a  pair  of  spinal  nerves,  with  their  ganglions, 
along  with  the  rudiments  of  a  vertebra  and  pair  of  ribs,  the  nerves  being 
in  front  of  the  sclerous  elements.  In  the  course  of  development  a  change 
takes  place  in  this  '*  primordial  vertebral  system."  The  rudiments  of  the 
Tertel^al  arch  and  nbs  move  backwards,  from  their  original  site  under 
the  posterior  ma^pns  of  the  overlying  muscular  plates,  to  the  anterior 
margins  of  the  pair  of  muscular  plates  immediately  behind,  and  become 
united  to  both  pairs.    A  transverse  division  takes  place  at  the  same  time 

*  I  aooidentaUy  disooyered,  a  few  weeks  atfo,  that  Professor  Huxley  had  pubHshed 
translationfl  of  portione  of  Yon  Baer's  works  m  the  Soientiflc  Memoirs  for  1853.  This 
jadicioai  seleouon  contains  the  passage  referred  to  in  my  paper.    (Dee.  4, 1866.) 
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in  the  rudimentary  central  mataes  of  each  of  the  primordial  yertebra?;. 
These  changes  constitute  a  new  order  of  parta— the  order  or  arrangement 
of  the  "  permanent  yertebral  system."  Thus,  the  products  of  the  develop- 
ment of  a  single  primordial  yeitebraare— 1.  A  pair  of  spinal  nerres,  with 
their  gansrlions ;  2.  The  yertebral  arch  and  pair  of  ribs  immediately 
behind  this  pair  of  neryes ;  3.  The  anterior  part  of  the  body  of  the  ver- 
tebra to  which  this  arch  and  ribs  are  attacned ;  4.  The  intervertebral 
disk  in  front  of  it ;  5.  The  posterior  part  of  the  body  of  the  vertebra  in 
front ;  and,  6.  The  group  of  spinal  muscles  between  these  two  vertebrsB. 
The  bones,  muscles,  and  nerves  of  the  abdominal  and  thoracic  wall  are 
formed  by  an  extension  downwards,  and  adhesion  of  the  lower  or  costal 
portion  of  the  *'  primordial  vertebral  system  "  to  the  inner  surface  of  the 
external  of  the  two  layers  into  which  the  **  primary  abdominal  wall " 
divides.  This  outer  or  adherent  layer  of  the  *'  primary  abdominal  wall  ** 
becomes  the  areolar  layer  of  the  integument,  and  enters  into  the  forma- 
tion of  the  limbs.  The  inner  layer,  separated  from  the  outer  by  the 
pleuro-peritoneal  space,  forms,  with  its  fellow  of  the  opposite  side,  the 
Wolffian  bodies,  reproductive  glands,  spleen,  permanent  aorta,  mesenteij, 
and  the  muscular  and  serous  covering  of  the  alimentary  tube. 

From  these  remarkable  observations  of  Remak,  it  would  appear  that 
the  sclerome  of  the  Hsomapod,  from  the  anterior  part  of  the  neck  back- 
wards, originates  as  a  aeries  of  independent  sclerotomes,  and  that,  con- 
temporaneously with  each  sclerotome,  a  corresponding  myotome  and 
neurotome  take  their  rise  in  a  common  primordial  segment  of  blastema. 

The  cephalic  portion  of  the  early  Vertebrate  emb^o  is  peculiar,  more 
particularly,  according  to  Remak,  in  the  nonappearance  of  distinct  *'  pri- 
mordial vertebras,"  and  of  the  subsequent  changes  which  result  from  their 
development.  The  great  divisions  of  the  brain  and  of  the  cerebral  nervea 
indicate,  indeed,  the  segmented  character  of  the  entire  structure,  but  I 
am  inclined  to  believe  that,  in  the  present  state  of  the  subject,  these  indi- 
cations are  not  to  be  depended  on  for  the  determination  of  the  segments 
of  the  embrvo  or  adult  head.  It  appears  to  me  that  the  s^^ented 
structure  of  the  brain  is  to  be  looked  for,  not  in  its  greater  masses, — ^thoee 
developments  on  its  upper  surface  in  which  it  differs  from  the  spinal 
cord,  and  by  the  possession  of  which  it  becomes  a  brain, — ^but  in  the 
series  of  groups  of  ganf;lion  cells,  the  nervous  centres  of  the  cerebral 
nerves,  whatever  the  typical  number  of  these  may  be,  arranged  along  ita 
base,  and  strictly  homologous  with  the  groups  of  ganglion  cells  which 
undoubtedly  constitute  the  morphologrical  segments  of  the  spinal  cord. 

The  «  visceral,"  or  "  branchial  lamine  "  afford,  in  the  present  state 
of  the  subject,  a  more  secure  embryological  basis  for  the  determination 
of  the  segments  of  the  head.  The  so-cidled  "  first  vbceral  lamina,"  the 
one  in  which  the  mandibular  arch  is  developed,  and  the  two  succeeding 
"  visceral  lamlnes,"  those  in  which  the  anterior  and  posterior  segments 
of  the  hyoid  of  Mammals  and  Birds  are  formed,  must  be  looked  upon  as 
embryological  indications  of  three  cephalic  segments. 

On  the  under  surface  of  the  forepart  of  the  embryo  head,  in  front  of 
the  so-called  "  first  visceral  lamina,"  there  are  five  processes,  in  which 
are  developed  the  palate  and  pterygoid,  the  maxulaiy,  malar,  and 
lachrymal,  the  intermaxillary  and  nasal  bones.      The  first  of  these 

Chesses  on  each  side  extends  obliquely  forwards  ^m  the  "  first  visoeral 
ina"  towards  and  under  the  eye.  It  is  the  so-called  **  superior  maxil- 
lary lobe."  The  second  process  on  each  side — ^the  '*  lateral  frontal  pro- 
cess" of  Reichart — ^passes  down  in  front  of  the  eye,  the  eye  being  situated 
in  the  cleft  between  it  and  the  former  process.  The  fifth  process  is  d- 
tuated  in  front,  and  in  the  median  line.  It  is  the  "  anterior  fVontal 
process  "  of  Reichart.      The  defls  or  notches  between  this  process  and 
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the  ''lateral  frontal  process  "  are  oonsideied  by  Rathke  and  Reichart  to 
be  the  external  nostrils. 

Now,  in  regard  to  the  so-called  '*  superior  maxillary  lobes/'  it  is 
dearly  establi^ed  that  the  palate  and  pterygoid  Bones  are  formed  in 
them,  but  there  is  no  sufficient  evidence  that  they  contain  the  germs  of 
the  superior  maxillary  bones.  No  traces  of  the  superior  maxillary  bones 
appear  until  these  so-called  "  superior  maxillary  lobes"  hare  extended 
forwards,  and  united  with  the  **  lateral  frontal  processes  "  and  the  '*  nasal 
process/'  and  until  the  maxillary  margin  has  become  considerably  ex- 
tended. I  am,  therefore,  of  opinion  that  the  **  lateral  frontal  processes  " 
of  Reichart  are,  in  fact,  the  real  maxillary  lobes,  and  contain  not  only 
the  germs  of  the  lachrymal,  but  those  also  of  the  maxillary  and  malar 
bones.  This  Tiew  of  the  place  of  origin  of  the  superior  maxillary  is  in 
accordance  with  the  adult  relations  of  these  bones.  The  position  of  the 
superior  maxillary  is  in  front  of  the  eye ;  the  orbit  being,  in  fact,  an 
expanded  deft  between  it  and  the  palate  bone. 

Again,  the  nasal  bones  of  the  Mammal  are  formed  in  the  upper  part, 
and  the  intermaxillary  bones  in  the  lateral  angles  and  palatal  lobes  of 
the  "  anterior  frontal  process."  The  notch  or  cleft  on  each  side  of  this 
process  cannot  therefore  become  the  external  nostrils,  for  these  are  not 
situated  in  the  Mammal  behind  the  intermaxillary  bones,  but  in  front  of 
them.  From  these  circumstances,  I  am  inclined  to  consider  the  external 
nostrils  of  the  Manmial  to  be  formed  by  the  transyerse  union  of  the 
palatal  lobes  of  the  "anterior  frontal  process;"  and  by  the  formation  of 
the  cartilages  of  the  external  nose  in  the  mesial  portion  of  the  free 
margin  of  that  process. 

Embryologists  generally  consider  the  so-called  superior  maxillary  lobes 
to  be  the  upper  portions  of  the  **  first  visceral  lamina  "  bent  forward, 
and  the  "lateral^'  and  "anterior  frontal  processes"  to  be  the  super- 
added structures  in  no  way  related  to  the  **  visceral"  or  "brant^ial 
laminse."  It  appears  to  me,  however,  that  the  general  aspect,  the  rela- 
tions, and  the  changes  undeigone  by  them  in  devdopment  prove  these 
parts  to  be  serially  homologous  with  the  **  visceral  luninse/^  and  to  be, 
fike  them,  indications  of  the  segmented  structure  of  Ihe  head  in  front  of 
the  so-called  first  visceral  arch.  The  so-called  superior  maxillary  lobea 
indicate  a  segment  of  which  the  palate  and  pterygoid  bones  are  elements* 
The  "  lateraJ  frt>ntal "  indicate  a  second  segment  containing  the  maxil- 
lary, malar,  and  lachrymal  bones.  The  external  margins  and  angles 
of  the  "  anterior  or  frontal  processes "  indicate  an  intermaxillary  seg- 
ment ;  and  the  development  of  the  mesial  part  of  the  same  process  into 
the  cartilages  of  the  nose  iudicates  a  segment  probably  on^  fully  de- 
veloped in  the  Mammalian  head. 

In  addition,  therefore,  to  the  "visceral  laminso"  behind  that  one  in 
which  the  mandibular  arch  is  formed,  there  would  appear  to  be  a  series 
of  less  developed  "  visceral  laminsB  "  in  front  of  it,  all  of  which,  in  ad- 
dition to  other  structures,  give  rise  to  hssmal  arches  of  the  sderome,  and 
indicate  a  number  of  corresponding  sclerotomes. 

Of  the  Primary  or  Fibr<mt  Sclerome. ^^The  bones  and  cartilages  to 
which,  from  their  palpable  character,  the  attention  of  anatomists  has  been 
hitherto  chiefly  directed,  are  parts  only  of  the  Vertebrate  sclerome. 
They  are  imbedded  in  a  continuous  fibrous  matrix  which,  variously  mo- 
dified, binds  them  together,  and  co-operates  in  their  general  economy 
and  functions.  This  matrix  forms  a  more  extensive,  and,  in  some  re* 
•pects,  a  more  important  element  of  the  sclerome  in  the  lower  than  in 
the  higher  Yertelnata ;  and  if  viewed  in  the  former  in  connection  with 

•^        or   ruf  ^      , 
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ita  9»lj  ttaget  of  deTelopment  in  th«  embryo,  it  will  be  found  to  be  ar- 
ranged on  the  plan  of  tne  ^*  nrimoTdial  yertebral  B/stem."  It  is  most 
■atiifactorilj  studied  in  the  Fisn,  and  particularly  in  those  forms  in  which 
tiie  bones  and  cartilages  are  feebly  dereloped*  The  fibrous  element  of 
the  sclerome  forms  the  sheath  of  "  eorda  dorsalis  **  in  the  Lancelet,  and 
envelopes  the  column  formed  by  the  bodies  of  the  yertebrsB  in  other 
Fishes.  It  then  bounds  the  neural  and  haemal  cavities,  and  from  these 
cayities  passes  in  the  mesial  plane  above  and  below  to  the  neural  and 
h«mal  margins  of  the  body.  Corresponding  cartilaginous  and  osseous 
parts  are  imbedded  in  these  fibrous  neural  and  hsBmal  lamine. 
From  the  right  and  left  sides  of  this  deep  or  central  system  of  fibrous 
laminae,  other  laminas  extend  outwards  between  the  myotomes  and 
are  connected  to  the  deep  fibrous  layer  of  the  integument.  The  bones 
usually  disting^hed  as  **  additional  ribs/'  '*  upper  ribs/'  "  epipleural 
spines,"  '*  diverging  appendages,"  are  imbedded  in  these  metamyotomic 
laminae ;  and  as  the  class  of  radiating  bones  to  which  these  so-ca3led  ad- 
ditional ribs  belong  may  be  conveniently  distinguished  tis  actinapophyses 
(mKTtv-iPoa),  I  apply  the  term  actinal  to  the  metamyotomic  fibrous 
laminae  of  the  sclerome.  As  those  dermal  bones  or  plates  which,  from 
their  histological  as  well  as  their  teleological  characters,  certainly  con- 
stitute elements  of  the  sclerome,  are  formed  in  the  layer  of  the  integu- 
ment to  which  the  actinal  sclerous  laminae  are  attached,  this  integumentary 
fibrous  structure  must  be  considered  as  constituting  a  dermal  sclerous 
lamina,  and  so  completing  the  fibrous  portion  of  the  sclerome. 

The  sclerome  thus  consists  fundamentally  of  a  fibrous  structure,  which 
surrounds  the  "  corda  dorsalis,"  bounds  the  neural  and  haemal  cavities, 
forms  a  mesial  septum  above  and  below,  separates  the  myotomes  from 
one  another,  and,  under  the  integ^ument,  envelopes  the  deeper  parts. 

The  Development  of  Cartilaginotis  and  Bony  Elements  in  the  Fibroue 
Sclerome.^-'The  immediate  development  of  c^lain  bones  from  or  in  a 
fibrous  matrix,  and  of  others  in  cartilage  previously  formed  in  it,  has 
given  rise,  among  other  questions,  to  one,  as  to  whether  the  former  are 
to  be  included  in  the  vertebrate  system  of  bones.  Now,  while  I  admit 
the  importance  of  the  embryological  and  histological  facts  which  the 
discussion  of  this  question  has  afforded,  I  am  indined  to  think  that  a 
histological  bias  has  influenced  both  the  views  which  haye  been  taken  of 
it.  Why  certain  bones  originate  in  a  fibrous  matrix,  why  others  originate 
in  cartilage  which  has  been  previously  formed  in  the  same  matrix,  are  ques 
tions  of  undoubted  importance,  but  which  at  the  same  time  cannot  Inti- 
mately be  put  in  opposition  to  the  unity  of  the  fully  developed  sclerome. 

Of  the  Cartilaginous  and  Bony  Elements,  and  of  the  generaX  Mar-' 
phological  Canstitution  of  the  Sclerotome, — ^A  sclerotome  is,  funda- 
mentidly,  a  segment  of  the  fibrous  sclerome,  and  the  series  of  fibrous 
•derotomes  is  indicated  by  the  actinal  laminae,  each  of  which,  for  reasons 
to  be  afterwards  stated,  ought  probably  to  be  considered  as  potentially 
double,  that  is,  as  consisting  of  two  layers,  one  belonging  to  the  sclerotome 
behind,  the  other  to  the  sclerotome  in  front. 

The  fully  developed  Hsemapod  sclerotome  is  therefore  a  fibrous  stmc' 
ture,  in  which  all  the  cartilaginous  and  osseous  parts  are  formed  and 
embedded.  With  regard  to  these  cartilaginous  or  osseous  elements,  I 
shall  at  present  only  direct  attention  to  certain  points  which  bear  on 
the  constitution  of  the  sclerotomes  of  the  Head.  In  doing  so,  I  must 
bear  testimony  to  the  general  applicability  and  convenience  of  the  terms 
employed  by  Professor  Owen  to  designate  the  elements  of  his  typical 
▼ertebra,  venturing  to  suggest  modifications  in  their  application  only 
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wliere  I  am  oomfelled  to  differ  firom  him  in  regard  to  the  relations  of  the 
elements  themselves. 

The  term  "  centrum''  is  highly  nseful  as  a  designation  for  the  cartila- 
ginous or  osseous  mass  formed  around  the  '*  corda  dorsalis/'  whatever  the 
constitution  of  that  mass  may  be. 

The  neurapophjses  or  hard  parts  developed  in  the  lateral  neural 
lamin®  are  **  tjpioallj"  two  at  least  on  each  side.  Not  only  are  there 
two  on  each  side  in  the  trunk  sclerotomes  of  certain  cartill^^inous  and 
probably  osseous  Fishes;  but  there  are  two  on  each  side  in  certain 
cephalic  sclerotomes  in  at  least  Fishes  and  Reptiles.  Professor  Owen 
admits  one  neurapophjsis  only  on  each  side  of  his  typical  vertebra.  He 
accounts  for  the  additional  pair  in  the  spine  of  the  sturgeon  on  the  prin- 
ciple of  **  vegetative  repetition ;"  while  the  additional  elements  in  the 
neural  arches  of  certain  cephalic  vertobrsB  he  at  one  time  considered  as 
parapophysMil,  and  latterly  as  diapophyseal  elements.  But  it  appears 
to  me  that  a  principle  of  "  vegetative  repetition"  is  out  of  place  in  a  mor- 
phological question  ;  and  aparapophysis  cannot,  according  to  Professor 
Owen^B  archetype,  be  intercslated  between  a  neurapophysis  and  a  neural 
spine ;  nor  can  a  diapophysis  become  an  independent  element. 

The  superior  or  posterior  spinous  process,  "  neural  spine,"  or  (as  a 
more  convenient  general  designation)  metaneurapophysis,  is  developed 
in  the  mesial  neural  fibrous  lamina.  As  this  element  is  situated  in  the 
mesial  plane,  it  is  potentially  double,  and  its  right  and  left  halves  be- 
come depressed  and  more  or  less  flattened  out  in  the  cephalic  sclerotomes. 
With  the  neurapophysis  it  completes  the  neural  arch. 

The  cartilaginous  or  osseous  elements  developed  in  the  lateral  and 
mesial  haemal  Uminae  of  the  fibrous  sclerotome  constitute  the  hsemid  arch. 
The  fundamental  character  of  the  inferior  or  haomal  arch,  as  I  understand 
it,  consiste  in  this  that  its  constituent  elemente  take  their  rise  at  or  close 
to  the  inner  surface  of  those  "  ventral  laminsB"  or  <'  folds*'  in  the  em- 
bryo, which  form  the  lateral  and  inferior  walls  of  the  visceral  chamber. 
Every  haemal  arch,  therefore,  within  the  antero-posterior  range  of  the 
alimentary  tube  must,  according  as  it  is  more  or  less  developed,  neces- 
sarily inclose  that  tube  more  or  less  completely.  Accordingly  no  arch 
within  the  range  of  that  tube,  if  it  excludes  the  tube,  can  be  considered  as 
a  hsBmal  arch,  merely  because  it  incloses  great  bloodvessels.  Again, 
before  any  arch  beyond  the  range  of  the  uimentary  tube  can  be  con- 
sidered as  a  proper  hiemal  arch,  ite  development  must  have  been  ascer- 
tained ;  or  ite  relations  to  those  muscular,  vascular,  but  more  particularly 
nervous  elemente,  which  constitute  in  their  respective  systems  the 
arrangemente  corresponding  to  the  haemal  arch  in  the  sclerotome,  must 
have  been  determined. 

I  must  confess  therefore  my  inability  to  discover  the  precise  view  of  the 
hflsmal  arch  taken  by  Professor  Owen.  Judging  from  his  diagram  of  the 
"  ideal  typical  vertebra,"  and  from  his  general  treatment  of  the  subject,  a 
chevron  bone  in  the  Reptile  or  MammaJ,  or  that  portion  of  the  cervical 
Yertebra  in  certein  Birds  which  completes  the  canal  beneath  the  centrum, 
represento  the  primary  typical  form  of  this  arch.  It  would  also  appear 
to  follow  from  his  doctrine,  that  the  expanded  form  of  haemal  arch,  pro- 
vided for  the  lodgment  of  the  central  organ  of  circulation,  and  presented  by 
the  thoracic  segmente,  is  a  secondary  formation — ^the  result  of  the  removal 
of  the  primary  haemal  arch  from  ite  **  typical"  position  under  the  centrum, 
and  ite  intercalation  between  the  elongated  pleurapophyses.  But  this 
doctrine  appears  to  me  to  involve  embryological  contradictions.  The 
relations  of  these  primary  and  secondary  forms  of  hsBmal  arch  in  the 
neck  and  throat  respectively  are  not  expluned  by  it     The  so^»lled 
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hamal  arch  under  the  oeraoal  Tertebift  of  the  pelioan  b  nndoabtedlj 
haDmal  in  function  ;  but  as  it  excludes  the  oesophagus  and  trachea,  it  ean- 
not  be  the  real  or  morphological  hflBmal  arch.  In  other  words,  this  so- 
oalled  hasmal  arch  cannot  hare  been  formed  in  the  '*  visceral  laminsB"  of 
the  embryo  neck. 

Again,  it  is  difficult  to  conceive  how  the  pleurapoph/ses  and  haemal 
arch  of  Professor  Owen's  "  ideal  typical  yertebra"  can  be  developed  to- 
gether in  the  **  ventral  folds"  of  the  embiyo.  For,  according  to  the 
doctrine  of  Professor  Owen,  a  pleurapophysis  maj,  in  different  instances, 
present  two  sets  of  relations.  In  the  thorax  it  is  attached  by  opposite 
ends  to  adjoining  sclerous  elements,  and  lies  in  the  wall  of  the  hssmal 
chamber.  In  the  neck  and  tail  it  is  connected  to  its  own  vertebra  at  one 
end  only,  and  does  not  lie  in  the  wall  of  the  haemal  chamber.  The  mode 
in  which  the  continuously  arranged  elements  of  the  costal  arch  of  a  Bird — 
the  "pleurapophyses,"  "  hssmapophyses,"  and  **  hsemal  spine" — are  de- 
veloped in  the  embryo  is  known.  But  it  is  difficult  to  conceive  how  the 
detached  and  peculiarly  arranged  *'  pleurapophyses"  and  '*  hsDmal  arch" 
as  represented  in  the  **  ideal  typical  vertebra,"  or  exemplified  in  a  proxi* 
mal  caudal  vertebra  of  a  Reptile  or  perenni -branchiate  Amphibian,  have 
assumed  the  positions  they  occupy,  if  they  belong  to  the  same  group  of 
elements — ^that  is,  if  they  all  spring  from  or  originate  in  the  wall  of  the 
visceral  chamber. 

Is  the  pleurapophysis  a  fundamental  or  primary  element  of  the  haemal 
arch?  In  other  words,  is  it  originally  developed  in  the  wall  of  the 
visceral  cavity,  and  in  certain  instances  afterwards  extruded  from  it  9 
or  is  it  merely  a  secondary  element  in  the  haemal  arch,  that  is,  formed 
externally  to,  or  away  from  it,  and  only  intercalated  into  it  in  certain 
vertebrae  ? 

As  a  rib,  so  far  as  its  develooraent  has  been  traced  in  the  series,  ap- 
pears to  be  formed  in  the  inner  layer  of  the  *'  visceral  lamina;"  and  as  it 
IS  previously  connected  or  continuous  with  the  diapophyseal  portion  of  the 
neurapophyses,  its  head  and  neck  being  secondary  formations,  I  am  in- 
clined to  consider  the  caudal  transverse  processes  in  the  Mammal,  Lizard, 
and  Amphibian,  as  lying  in  the  position  of  the  original  "  ventral  folds ;" 
and  that,  therefore,  the  feebly  developed  **  pleurapophyses"  of  this  region 
are  the  only  representatives  of  its  haemal  arches;  while  the  chevron 
bones  have  no  title  to  this  morphological  distinction.* 

*  In  dissecting  lately  a  lam  orooodile,  I  found  that  an  aponeurotio  membrane  ex- 
tended outwards  and  curred  downwards  on  each  side  from  the  extremities  of  the 
caudal  transverse  processes.  These  aponeuroses  met  one  another  In  the  mesial  line 
below  the  tail  and  were  there  joined  by  a  mesial  aponeurosis  which  extended  down  from 
between  the  chevron  bones.  A  layer  of  fat  one-third  of  an  inch  in  thickness  lay  on  the 
outside  of  the  lateral  aponearoeea ;  and  embedded  in  it  the  heemal  divisions  of  the 
spinal  nerves  extended  outwards,  downwards,  and  baokwards,  like  a  series  of  inter- 
costal  nerves.  The  lateral  muscular  mass  of  the  tail  arranged  in  myotomes  with 
meta-myotomic  iibrous  laminss,  nearly  as  distinct  as  in  the  fish,  lay  on  the  outside  of 
the  layer  of  fat.  Each  of  the  lateral  aponeurotic  cavities  was  occupied  by  the 
«*  figmoro-p4ron6o-ooccygien'*  muscle  of  Cuvier,  which  arose  from  the  under  soxfaees 
of  the  transverse  processes,  the  sides  of  the  ohevron  bones  and  mesial  uM>neinroBis, 
and  passed  out  of  the  cavity  through  a  space  left  in  its  outer  wall  behind  the  ischium 
to  be  inserted  into  the  thigh  bone.  The  mesial  membrane  divided  above ;  its  tm> 
laminae  corresponding  to  the  limbs  of  the  chevron  bones,  and  passing  in  front  into  the 
walls  of  the  pelvis. 

This  arrangement  appeared  to  me  to  indicate  that  the  transverse  processes,  the 
lateral  aponeuroses,  and  the  hsemal  divisions  of  the  spinal  nerves,  were  in  the  position 
of  the  proper  hssmal  arches  of  the  tail ;  that  the  two  aponeurotio  chambers  constituted 
in  fact,  together,  the  abdominal  or  visceral  cavity,  divided  by  the  mesial  lamina,  and 
occupied  by  a  pair  of  muscles,  referable  to  that  group  of  muscles  which  in  the  trunk 
lie  on  the  inner  surface  of  the  visceral  chamber ;  and  that  therefore  the  ohevron 
bones  are  not  real  hsemal  arches,  but  eubcentral  developments. 
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The  proeoBsoo  irhleh  complete  the  cbxlbI  under  the  poiterior  eraaial  ud 
anterior  tnmlc  eentmins  in  eertain  Fishes,  and  of  the  oerWeal  eentroms 
in  eertaaa  Birds,  are  probably  of  the  same  natnre  as  the  eheyron  honeSy 
whidi,  aecofrding  to  Joh.  Mtilkr,  appear  to  be  derelopments  of  the  in- 
ferior pair  of  eonstitnent  pieces  of  the  centrum. 

We  are  entitled,  then,  to  require  that  eyery  part  to  which  the  pleora- 
pophjseal  or  hsemapophyseal  character  is  attributed,  should  have  been 
proved  hj  direct  obseryation,  or  otherwise,  to  hare  been  developed  in  the 
•*  ventral  folds." 

It  appears  to  me  very  doubtfU  whether  there  are  sufficient  grounds  fbf 
limiting  the  number  of  morphological  elements  in  the  hsmal  arch  to  one 
pair  of  "  hflsmapophyses"  and  a  **  hfiemal  spine ;"  or  to  a  paif  of  "  pleufa- 
pophjses,''  a  pair  of  *'  hftmapophyses,'*  and  a  "haemal  spine  ;**  wnUe  an 
increase  in  the  number  of  sclerous  pieces  is  accounted  for  by  the  principle 
of  **  vegetative  repetition ,"  or  "  teleologieally /'  While  I  admit  the  group- 
ing of  the  elements  of  the  more  complex  h»mal  arches  into  an  upper  and 
a  lower  series,  I  am  amipelled  on  philosophical  grounds  to  deny  that  the 
subdivision  of  a  '*  pleurapophysis ''  or  of  a  "  hsemapophysis,"  is  beyond 
the  range  of  morpholoffical  law ;  or  that  morphology  and  teleology  are 
distinct  in  the  sense  that  the  latter  principle  provides  for  what  the 
fmnoest  is  insufficient.  MoTflMogy  and  teleology  are  merely  opposite, 
because,  in  the  at  present  phase  of  science,  necessary  anthropomorphic 
aspects  of  the  same  Divine  principle  evinced  in  the  laws  of  organization. 

Until  tiien  we  know  more  than  we  do  at  present  of  the  laws  which  re- 
gulate the  number  of  "  centres  of  chondrification  and  ossification ;"  and, 
nntfl  the  constitution  of  the  inferior  vertebral  arches  in  the  embryo  and 
adult  series  has  been  more  fully  analysed,  I  cannot  give  my  assent  to  the 
expression  £»r  a  haemal  arch  involved  in  Professor  Owen's  osteological 
doctrine. 

I  must  here  aUude  to  a  point  which  does  not  appear  to  have  attracted 
that  attention  which  it  deserves.  None  of  the  Inemal  arches  of  the  head 
inclose  the  hsBmal  axis.  If  we  are  to  consider  the  so-  adled  median  and  lateral 
frontal  with  the  superior  maxillary  lobes  as  visceral  lamin«,  then,  as  such, 
they  have  no  primordial  relation  with  the  haemal  axis,  which,  under  the 
fenn  of  the  cardiac-branchial  tube,  extends  forward  as  far  only  as  the 
so-called  **  first  visoeral  lamina."  After  the  haemal  arches  have  been 
formed  in  *'the  first  and  other  visceral  laminae,"  usually  so  called,  of  the 
head,  the  haemal  axis  is  found  to  be  excluded  firom  them.  It  is  in  conse- 
quence  of  this  remarkable  developmental  arrangement,  that  the  heart, 
branchial  artery,  and  its  branches,  m  the  Fish  and  Amphibia,  are  situated 
below  and  external  to  the  skeleton  of  the  branchial  apparatus. 

Before  pointiz^  ovt  what  appear  to  me  to  constitute  certain  of  the  de* 
velopments]  ooncUtions  on  which  this  peculiar  relation  of  the  haemal  arches 
of  the  head  to  the  haemal  axis  is  dependent,  I  must  direct  attention  to  an- 
other relation,  in  which  the  cephalic  hsemal  arches  are  peculiar.  The 
haemal  arches  of  the  head  are  in  immediate  contact  with  the  alimentary 
tube ;  they  are  lined  by  the  mucous  membrane,  which  is  also  in  contact 
with  their  centrums.  There  is,  in  fact,  no  extension  of  the  peritoneo-pleuro* 
pericardiac  space  into  the  head.  The  cephalic  portion  of  the  primary  abdo- 
minal wall  (Kopfs^tenplatte  of  Remak)  becomes  from  the  first  united  to  the 
corresponding  portion  of  the  cephalic  primordial  vertebral  system  (Kop- 
furwirbelplatte)  ;  and  the  former,  instead  of  dividing  into  two  layers,  one 
for  the  waU  of  the  alimeatary  tube,  and  another  for  the  wall  of  the  visoeral 
cavity,  with  a  serous  space  between  them  as  in  the  trunk,  becomes,  in 
conjunction  with  the  latter,  perforated  by  the  branchial  clefts. 

The  haemal  portion  of  the  head,  therefore,  is  distinguished  from  the  cor- 
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retpondiog  portion  of  the  tnmk,  in  presenting  met»-«oniatoniie  clefts,  in 
having  no  serous  cavity,  and  in  having  the  hssmal  axis  external  to  the 
lusnisl  arches  of  its  sclerotomes.  We  are  not  jet  in  possession  of  suffi- 
cient data  to  explain  these  rarious  peculiarities  of  the  head  in  the  Hsema- 
pod.  I  must  direct  attention,  however,  to  the  following  facts,  which  hear, 
upon  the  cephalic  exclusion  of  the  hssmal  axis.  The  anterior  portion  of 
the  primordial  alimentaiT  tube,  from  the  cul-de-sac  in  which  it  terminates 
in  front,  back  to  its  vitellarj  margin,  consists  essentially  of  two  parts ;  a 
cephalic  portion,  terminated  by  the  cul-de-sac,  is  bounded  laterallj  by  the 
'*  visceral  laminsB,"  from  the  so-called  first  pair  of  laminss  badtwards, 
and  becomes  developed  into  the  pharynx ;  and  a  cervico-thoraco-abdo- 
minal  portion,  bounded  laterally  by  the  anterior  portion  of  the  ^^rimor- 
dial  vertebral  system  of  the  trunk  and  the  corresponding  portions  of 
the  primary  ventral  wall.  The  primordial  hssmal  axis  (heart  and  bran- 
chial artery)  is  formed  within  the  pericardiac  space,  on  the  inferior- 
aspect  of  the  posterior  or  trunk  portion  of  the  tube  from  which  are  after- 
wards developed  the  cesophagus,  stomach,  duodenum,  Hver,  pancreas,  and 
lungs.  The  heart  and  periciuxlium  are  at  first  comparatively  large,  project 
downwards,  and  only  pass  backwards  at  a  comparatively  late  period  into 
the  interior  of  the  hemal  arches  of  the  thoracic  sclerotomes  in  Reptiles, 
Birds,  and  Mammals.  The  cephalic  portion,  or  pharyngeal  cul-de-sac,  on 
the  other  hand,  does  not  present  originally  any  traces  of  the  development 
of  the  hssmome.  This  may  be  to  a  certain  extent  explained  by  the  great 
comparative  development  of  the  cephalic  portion  of  what  would  nave 
been  formerly  considered  the  **  serous  layer"  of  the  blastoderma.  The 
extremities  of  the  so-called  **  first  visceral  laminn'*  have  in  fact  ap- 
proached one  another  below,  before  the  apex  of  the  cardiac  tube  has  ad- 
vanced so  far  forwards  as  to  communicate  with  them.  The  precise  con- 
ditions, however,  which  determine  the  formation  of  the  sclerous  elements 
of  the  mandibular,  hyoidean  and  branchial  arches  on  the  inside  of  the 
corresponding  vascular  arches,  remain  to  be  ascertained  by  future  inquiry. 
At  present  I  can  only  conceive  of  these  conditions  as  in  some  way  depen- 
dent upon  the  developmental  relations  to  which  I  have  alluded. 

These  relations  of  the  hnmal  arches  of  the  head  must  be  taken  into 
consideration  in  determining  the  signification  of  the  branchial  arches  of 
the  Amphibian  and  Fish.  The  division  of  the  sclerous  system,  into  dermo, 
neuro,  and  splanchno  skeleton  was  first  systematically  carried  out  by  Cams. 
I  was  early  brought,  by  the  study  of  the  works  of  the  philosophical  and 
ingenious  Dresden  Anatomist,  to  adopt  this  three-fold  division  of  the  skele- 
ton. I  have  latterly,  however,  been  induced  to  reject  as  untenable  the 
doctrine  of  a  splanchno -skeleton.  I  believe  it  may  be  confidently  asserted 
that  no  structure  referable  in  any  way  to  the  skeleton  is  developed  in  or 
around  any  portion  of  the  mucous  layer  of  the  vertebrate  aOmentary 
tube  beyond  that  part  of  it  which  belones  to  the  head ;  in  other  words, 
beyond  the  pharynx,  or  part  perforated  by  the  branchial  clefts.  The 
mandibular,  hyoidean,  branchial,  and  pharyngeal  arches,  the  cartilages  of 
the  larynx,  trachea,  bronchial  tubes,  and  lungs,  are  all  primarily  de- 
yeloped  in  immediate  relation  to  the  cephalic  portion  of  the  alimentary 
tube. 

It  is  remarkable  that  those  who  refer  the  branchial  and  pharyngeal 
arches  to  a  splanchno-skeleton,  have  not  adduced  the  external  position  of 
the  haemal  axis  to  these  arches  as  an  argument  in  support  of  their  opinion. 
On  thiB  ^und,  however,  the  hyoidean,  and,  I  believe,  the  mandibular  arch 
also,  as  internal  to  the  first,  or  to  the  first  and  second  aortic  arches,  would 
be  also  thrown  into  the  system  of  the  splanchno-skeleton.  Gams  has  ac- 
cordingly done  so  in  the  case  of  the  hyoidean  arch  ;  but  Professor  Owen, 
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overlooking  the  ftmdamental  embryological  relations  which  indissolnbly 
connect  all  these  arches  as  seriallj  homologons,  holds  the  hjoidean  to  be 
a  *'  strong,  bonj,  persistent  arch  of  the  true  endo-skeleton ;"  while,  on 
grounds  which  appear  to  me  altogether  secondary,  he  refers  the  branchial 
and  pharyngeal  to  the  splanchno-skeleton,  and  thus  relieves  himself  of  the 
onus  of  determining  their  "homologies.'  From  the  view  I  have  been 
led  to  take  of  this  subject,  I  am  under  the  necessity  of  considering  these 
arches  as  true  hssmal  arches,  and  as  certainly  referable  to  the  endo-skele- 
ton  as  the  mandibular  arch  itself.  I  also,  for  the  same  reason,  conceive 
that  the  complete  morphology  of  the  skeleton  of  the  head  includes  the 
homologies  of  the  cartilages  of  the  larynx,  trachea,  and  lungs. 

The  cartilages  and  bones  developed  in  the  actinal  fibrous  laminso  are 
most  important  elements  in  the  sclerome.  In  the  head  they  are  variously 
modified  and  arranged,  not  only  for  the  protection  of  organs,  but  also  as 
a  system  of  props  to  afford  additional  security  to  the  fundamental  parts  of 
the  skeleton.  In  the  trunk  they  are  chiefly  subservient  to  the  myome. 
They  thus  exhibit  their  highest  development  in  the  framework  of  the 
limbs,  for  the  entire  constitution  of  which  they  alone,  I  believe,  supply  the 
elements. 

The  bony  rays  developed  in  the  meta-myotomic  laminsB  of  Fishes  ex- 
hibit the  most  elementary  forms  of  actinapophyses.  Here,  again,  I  must 
differ  from  Professor  Owen,  who  limits  the  number  of  these  '*  diverging 
appenda£;es  "  to  one — generally  attached  to  the  pleurapophysis — on  each 
side  of  the  vertebra.  This  *'epipleural  element"  he  considers  to  be  a 
part  of  the  endo-skeleton,  while  the  additional  radiating  bony  filaments  he 
refers  to  the  exo-skeleton,  and  recognises  in  them  a  manifestation  of  the 
principle  of  '*  vegetative  repetition."  While  I  admit  that  the  so-called 
**  epipleural  spines"  are  the  most  constant  of  these  bones,  yet  as  the  others 
are  developed  in  the  same  fibrous  membrane,  which  has,  moreover,  no 
primary  relation  to  the  dermal  system,  I  cannot  see  on  what  grounds 
they  can  be  excluded  from  the  endo-skeleton.  As,  again,  I  cannot  avail 
myself  of  the  principle  of  *' vegetative  repetition"  in  a  morphological 
inquiry,  and  as  I  find  all  of  these  "  additional  ribs  "  connected  with  im- 
portant modifications  of  the  myome,  I  account  for  their  presence  toleolo- 
g'caJly,  and  hold,  therefore,  that  they  must  also  be  explicable  morpho- 
eically. 

The  question  as  to  the  typical  number  of  actinapophyses  in  a  sclero- 
tome cannot,  it  appears  to  me,  be  determined  in  the  present  state  of  the 
science.  Their  existence  and  general  morphological  relations  having  been 
ascertained,  the  conditions  which  determine  their  position  and  number 
must  remain  for  future  inquiry. 

On  these  grounds  I  cannot,  with  Professor  Owen,  regard  the  branchi- 
ostegal  rays  on  each  side  collectively  as  a  single  '*  diverging  appendage." 
I  not  only  recognise  on  each  side  of  the  hyoidean  arch  of  the  osseous  fish 
one  series,  but  a  double  series  of  actinapophyses.  This  double  arrange- 
ment of  the  branchiostegal  rays  has  not,  so  far  as  I  know,  been  recorded. 
One  series  of  these  rays  are  attached  along  the  outer,  and  therefore  mor- 
phologically anterior  surface,  and  the  other  along  the  inner,  and  there- 
fore posterior  surface  of  the  cerato-hyal ;  but  as  the  two  series  are  at- 
tached, the  one  to  the  upper,  the  other  to  the  lower  part  of  the  bone, 
they  form  together  a  sin^e  range  for  the  support  of  the  branchiostegal 
fold. 

I  recognise  a  similar  but  more  developed  form  of  this  double  arrange- 
ment of  actinapophyses  in  the  variously  modified  cartilaginous  or  semi- 
osseous  double  styles  or  plates  which  are  attached  to  the  convexities  of 
the  branchial  arches  for  the  support  of  the  respiratory  membrane  of 
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oweoofl  Fiihet.  Theie  beanehud  actinapoplijset  aUo  exhibit  that  jointed, 
or  mnltiaitieiilate  stTooture  so  geoendlj  preBented  bj  the  rajs  of  the 
aesial  and  bilateral  fins, 

ThiB  leadi  me  to  obeerre,  that  I  have  not  been  able  to  satiafj  mjaell 
of  the  truth  of  the  doctrine  at  present  generally  held,  that  the  inter^pinoua 
bones  and  rays  of  the  mesial  fins  belong  to  the  dermo-skeleton.  I  admit 
that,  in  oertain  instanoes,  these  fins  present  more  or  less  dermal  bone  in 
their  ooraposition ;  bat  I  cannot  see  how  fin-ravs,  from  which  the  skin 
and  sub-cutaneous  texture  maj  be  stripped,  can  be  considered  as  portions 
of  the  dermo-skeleton.  These  rajs  can  scarcely,  I  conceive,  be  referred 
to  the  dermo-skeleton  in  the  cartilaginous  Fishes ;  and  as  the  rays  of  the 
bilateral  fins  resemble  those  of  the  mesial  in  their  histological  as  well  as 
in  their  general  rations,  they  ought  to  be  placed  in  the  same  category. 
The  rays  of  the  mesial,  as  weU  as  of  the  bilateral  fins  cannot,  therefore, 
in  my  opinion,  be  consistently  excluded  from  that  portion  of  the  sderome 
usually  denominated  neuio-  or  endo-skeleton  ;  but  like  other  elements  of 
the  endo-skeleton  which  approach  the  dermal  sderous  fibrous  lamina> 
they  may  coalesce  with  dermal  bone. 

I  haye  been  led  to  consider  the  inter-spinous  bones  and  mesial  fin>ray§ 
as  aetinapophyseal  elements.  With  reference  to  the  mesial  position  and 
eharacters  of  these  bones,  I  would  remark,  that  it  appears  to  me  to  be 
^utte  permissible,  on  morphological  grounds,  to  look  upon  each  inter- 
spinous  bone,  with  its  corresponding  fin-ray,  as  consisting  of  a  right  and 
left  aetinapophysis  mesially  united, — ^that  is,  to  consider  the  right  and 
left  halves  of  which  they  consist  in  the  young  fish  as  fundamental  dements 
of  opposite  sides  of  the  body.  This  yiew  of  the  aetinapophyseal  character 
of  the  bones  of  the  mesial  fins  appears  to  be  supjported  by  the  occurrence 
of  double  anal  and  caudal  fins  m  monstrous  fishes,  and  also  by  the  so- 
called  urohyal  bone.  The  rehitions  of  this  bone  appear  to  me  to  indicate 
that  it  is  not  referable  to  the  basohyal  elements  of  the  arch,  but  to  the 
aetinapophyseal.  I  recognise  it  as  consisting  of  two  of  these  elementa 
fused  toother  at  the  mesial  plane. 

I  am  further  supported  in  the  yiew  which  I  take  of  the  aetinapophyseal 
character  of  the  mter^spinous  bones  and  mesial  fin-ra^s,  by  the  well- 
known  and  hitherto  unexplained  antero-posterior  duplicity  which  they 
exhibit  in  certain  fishes.  In  the  Pleuronectidss,  for  mstanoe,  the  inter- 
spinous  bones  are  attached  in  pairs,  one  bone  in  front  and  another  be- 
hmd  each  spinous  process,  hi  these  instances  I  conceive  we  have  ex-? 
amples  of  mesial  anterior  and  posterior  actinapophyses  in  each  sdero- 
toma  The  corresponding  fin-rays  are,  it  is  true,  alternate,  but  this  does 
not  affect  the  general  principle,  when  we  keep  in  view  the  remarkable 
sntero-posterior  movements  of  certain  elements  of  the  sclerome  discovered 
by  Remak  in  the  embryo,  and  the  highly  important  observations  of  Pto- 
fisssor  Owen  with  reference  to  the  alternations  of  some  of  the  elements  of 
the  spine  in  certain  Reptiles  and  Birds, — alternations  undoubted^  re- 
ferable to  movements  of  the  kind  discovered  by  Remak. 

In  the  head  aetinapophyseal  elements  are  generally  bar-like,  or  moret 
or  less  flattened  from  without  inwards.  From  the  peculiar  forms  assumecl 
by  these  elements  in  the  head,  an  anterior  actinopophysis  of  one  ^leror 
tome  may  meet  a  posterior  one  from  the  sclerotome  in  front,  so  as  to 
form  together  a  bar-like  or  flattened  bridge,  or  buttress,  between  the  two* 
These  bridge-like  connections  of  neighl^uring  sclerotomes  are  not  un- 
frequently  completed  bj  the  fibrous  basis  of  the  sclerome.  In  Birds,  and 
the  typical  Lacertians,  indeed,  in  which  the  aetinapophyseal  elementa 
exhibit  remarkable  adaptations,  the  fibrous  matrix  in  which  they  are 
imbedded,  and  by  which  they  are  connected,  forms  an  essential  feature  of 
their  arrangement. 
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The  flfotumpophyieal  elementa  of  a  Nlerotome  ave  to  be  distiBgiiisheil 
as  harnal  and  neural — ^those  attached  to  the  haemal  and  those  connected 
with  the  neural  arches.  The  hftinaciinapophjses  are  the  most  usual 
and  numerous,  and  have  hitherto  been  alone  recognised  as  siKh  b/  ana- 
tomists. I  shall  therefore  at  present  onlr  remark,  in  reference  to  the 
neuractinapophyses,  that  I  consider  as  snon  the  neural  range  of  **  addi- 
tional ribs/'  the  interspinous  bones  and  rays  of  the  dorsal  fins,  and  of  the 
neural  half  of  the  caudal  fin  in  cartilaginous  fishes,  and  also  the.  intefu 
neural  cartilages,  to  which  attention  was  first  directed  by  Job.  Miiller.  In 
the  cephalic  sclerotomes,  the  neuraotinapophjses  constitute  the  so-called 
**  sense  capsules"  and  tlie  system  of  <* mueo-dermal  bones."  The  so* 
called  "muco-dermal  bones"  have  been  latterly  referred  by  the  con* 
tinental  anatomists  to  the  dermo-skeleton.  I  am,  noTertheless,  inclined  to 
beliere,  that  when  the  general  morphological  relations  of  these  bones, 
and  their  existence  in  at  least  Reptiles  and  Birds,  are  taken  into  consider- 
ation, they  will  be  admitted  as  elements  of  the  endo-ekeletoa.  They  are 
not  the  only  bones  in  the  head  of  the  osseous  Fish  which  are  trayersed 
by  mucous  tubes ;  but  from  their  superficial  position  they  generally  are 
eo,  and  from  the  same  circumstance  are  frequently  OTerlaid  by  dermal 
bone.  Professor  Owen  has  adopted  the  doctrine  of  the  mnoo-dermal  cha- 
racter of  these  bones,  and  includes  the  lachrymal  among  them.  BelieY« 
ing  the  lachrymal  to  be  a  cephalic  neuraotinapophysis,  I  cannot  assent 
to  the  rejection  of  this  bone  from  the  endo-skeleton,  and  more  parti- 
cularly  to  referring  the  perforation  which  generaUy  characterises  it  to 
the  system  of  dermal  mucous  canals.  The  ladirymal  canal  is  a  meta» 
eomatomic  opening.  It  is  the  remaining  portion  of  the  cleft  between  the 
maxillary  and  paLitine  yisoeral  laminae.  The  lachrymal  bone  in  situ- 
ated at  the  upper  end  of  this  deft,  at  the  extremity  of  that  metasoma* 
tomic  space  m  which  the  eyeball  is  situated — ^ria.,  the  orbit.  The 
lachrymal  bone  is  therefore  grooved  or  perforated  by  an  integ^umentary 
canal  which,  as  a  porti<m  of  one  of  the  original  clefts  in  the  wall  of  the 
fiEice,  is  retained  in  the  adult  as  a  passage  for  the  secretion  of  the  lachrymal 
gland. 

The  most  important  cephalic  neuraetinapophyses  are  those  fibrous, 
cartilaginous,  or  osseous  structures  which  support  and  protect  the  nose, 
eye,  and  ear.  They  exhibit  their  fundamental  character  most  dbtinctiiy 
in  the  Cydostomatous  and  Plagiostomatous  Fishes,  in  which  they  consist 
of  sessile  or  pedunculated  cartmiginous  cups  or  capsules  attached  to  the 
outer  margins  of  the  cranium.  In  the  other  Yeritebrata  these  '*  sense 
cajwules,"  variously  modified  in  form  and  texture,  become  more  or  less 
involved  in  the  wul  of  the  cranium.  In  their  fundamental  form  they 
must  be  considered  as  parts  of  the  endo-skeleton,  homologous  in  the 
HsNnapod  with  those  pturts  €f£  the  dermo-skeleton  of  certain  Neuro]K>ds, 
euch  as  the  Crustacean,  which  carry  the  organs  of  sense,  and  are  serially 
homologous  with  its  masticatory  and  ambuLitory  Umbe. 

Professor  Owen  refers  the  '*  sense  capsules"  to  the  splanehno-skeleton. 
But  the  organs  of  hearing,  vision,  and  smell,  are  developed  not  fr^m  or 
an  connection  with  the  mucous  layer  of  the  blastoderma,  but  frt>m  the 
ao-called  "  serous  layer" — that  is,  from  that  superficial  layer  which 
produces  the  skin,  its  appendages,  the  cerebro-spinal  axis,  and  the 
primordial  vertebral  system.  It  Kp^ean  to  me  that  it  would  have 
been  more  natural  to  refer  the  sense  capsules,  as  De  Blainville  did, 
to  the  dermal  system ;  but  their  histologicatl,  embryological,  and  general 
relations,  indicate,  I  believe,  their  real  nature  as  pa^  of  the  aeuro- 
•keleton. 

The  most  complex  and  important  development  of  the  aetinapophyseal 
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elemenU  of  tlie  ■deroma  are  tlioce  urangeniaifs  whidi  constitota  the 
framework  of  the  limbe.  As,  howeTer ,  I  &d  mjself  compelled  to  dissent 
from  PrufeMor  Owen^B  determinatioii  of  the  anterior  pair  of  limha  as  the 
hsmal  aich  and  **  diTergent  appendages"  of  the  occipital  Tertebra ;  and 
as  I  also  dissent  from  his  general  doctrine  of  limbs,  1  shall  reserye  mj 
obserrations  on  the  subject  for  a  separate  communication. 

The  osseous  formations  in  connection  with  the  subint^gumentaiy 
fibrous  lamina  constitute  collectirelj  the  dermal  portion  of  the  sdeiome. 
As  the  constitution  of  the  ezo-skeleton  does  not  immediatelj  bear  on  the 
object  I  haTe  in  view,  I  shall  merelj  obserre,  in  reference  to  it,  that  a 
more  extended  and  systematic  inTestigation  of  its  structure  and  nunpho- 
lo^  b  at  present  rerj  much  to  be  desired. 

From  the  statements  alreadjr  made,  it  will  be  obserred  that  I  consider 
that  the  most  general  conception  we  can  at  present  reach  of  a  yertebra 
or  sclerotome,  is  a  somewhat  expanded  or  detailed  form  of  Yon  Bser's 
ideal  trans yerse  section  of  the  Vertebrate  Animal,  which  is  based  on  the 
original  neural  and  haemal  foldings  of  the  blastoderma  from  the  sides  of 
the  corda  dorsalis.  With  reference  to  the  further  deyelopment  of  the 
idea,  I  yenture  to  express  mj  decided  opinion,  that  formally  to  announce 
the  archetypal  number  of  elements  in  a  segment  of  the  skeleton  is  a 
premature  attempt  at  generalisation,  and  that  a  dogmatic  statement  on  a 
subject  of  this  kind  must  haye  a  greater  tendency  to  check  Intimate 
induction  the  higher  the  authority  from  which  it  emanates. 

Tfie  modifications  which  occur  in  the  Sclerotomes  towards  or  a$  the 
front  of  the  Head. — It  is  generally  admitted,  that  in  tracing  back- 
wards the  series  of  sclerotomes  in  a  yertebrate  animal,  they  become  mo- 
dified in  form  in  proportion  to  the  withdrawal  of  the  other  organic  sys- 
tems, until  at  last  the  sclerotome  may  become  a  mere  nodule  or  filament. 
Although  it  is  also  generally  admitted  that  a  certain  amount  of  deteriora- 
tion takes  place  in  the  sclerotome  towards  the  anterior  part  of  the 
cranium,  the  nature  and  extent  of  the  change  has  not  hitherto  been  pre- 
cisely determined.  I  find  that  it  presents,  according  as  the  nasal  fossas 
are  or  are  not  present,  two  forms. 

First  general  form  of  deterioration, — ^The  deterioration  is  much  less  in 
the  first  form  than  in  the  second.  The  first  form  may  be  best  obseryed  in 
the  Mammal,  in  which  alone  the  nasal  carities  are  complete.  The  nasal 
fosssB  of  the  Mammal  are  bounded  below  by  a  series  of  at  least  four 
haBmal  arches,  the  palatine,  maxillary,  intermaxillary,  and  ali^nasal, 
which,  along  with  the  soft  parts,  form  oollectiyely  the  palatal  yault  of 
the  mouth,  with  the  upper  lip  and  under  surface  of  the  external  nose ; 
these  three  continuous  surfaces  forming  in  fact  the  anterior  part  of 
the  sternal  or  hemal  aspect  of  the  head,  the  palatal  portion  being  in- 
closed within  the  mouth  in  consequence  of  the  elongation  of  the  lower 
jaw.  If  now  the  sclerotome,  of  which  the  intermaxillary  bones  consti- 
tute the  haemal  arch,  be  examined,  it  will  be  found  to  present  sujperiorly 
the  two  nasal  bones,  as  its  neural  elements ;  but  which,  instead  of  bound- 
ing along  with  their  corresponding  centrum,  a  neural  space,  assist  the 
intermaxillary  bones  in  forming  two  spaces,  which  are  completed,  and  at 
the  same  time  separated  from  one  another  by  the  centrum,  which  no  longer 
separating  a  neural  from  a  hasmal  space,  separates  a  pair  of  lateral  neuro- 
haomal  spaces,  or  nostrils,  from  one  another.  This  modification  of  the 
sclerotome  depends,  primarily,  on  its  not  being  required  to  enclose  a  seg- 
ment of  the  neural  axis ;  and,  secondarily,  on  its  co-operating  in  the  forma- 
tion of  the  nostrils.  This  form  of  sclerotome,  in  which  the  centrum 
passes  from  aboye  downwards,  I  denominate  cataoentrio,  to  distinguish  it 
from  the  ordinary  form  in  which  the  centrum  passes  across,  which,  there- 
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loTe,  I  alM  oooasionally  find  it  conyenient  to  indicate  as  the  diacentrio 
form  of  sderotone.  The  passage  from  the  diooentric  to  the  cataoentric 
form  is  exemplified  in  the  ethmoidal  sclerotome,  the  haemal  arch  of  which, 
consisting  of  the  pair  of  maxillarj  bones,  enters  into  the  formation  of  the 
nasal  passages.  The  centrum  of  this  sclerotome  has  assumed  the  form  of 
a  more  or  less  compressed  plate,  which,  while  it  retains  its  lateral  connec- 
tions with  the  neorapophyses,  extends  at  the  same  time  more  or  less  up- 
wards into  the  neom  space,  and  downwards  between  the  nostrils,  which, 
under  this  sclerotome  and  the  one  behind,  consist  of  a  mesially  bisected 
hiemal  cavity. 

The  anterior  terminal  sclerotome  in  the  non-proboscidian  Mammals  is 
cartilaginons  and  catacentrio.  Its  neuro -haemal  chambers  are  closed  in 
front  by  the  junction  of  the  anterior  margins  of  its  neural  and  haemal  ele- 
ments. In  consequence,  too ,  of  the  position  of  the  external  nostrils,  which, 
as  metasomatomic  openings,  are  situated  between  the  hflsmal  elements  of 
this  sderotome  and  tuose  of  the  sclerotome  immediately  behind,  its  hsemal 
elements  are  tilted  forwards,  so  that  towards  their  junction  with  the 
neurid  elements,  their  sternal  margins  are  continuous  with  the  dorsal  line 
of  the  nose.  In  ihe  more  deyelop^  forms  of  this  sclerotome,  from  one  to 
three  hsBmactinapophyses  on  each  side  enter  largely  into  its  arrange- 
ments. 

In  the  proboscidian  Mammals,  instead  of  being  greatlj  developed,  as 
might  naturally  be  expected,  this  sclerotome  ib,  on  the  contrary,  much 
simplified.  In  the  Tapir  the  hssmapophyses  have  disappeared,  while  in 
the  Elephant,  the  neurapophy ses  alone  exist  in  a  comparatively  undeve- 
loped form.  I  believe,  however,  that  it  will  ultimately  be  admitted,  that 
the  proboscis  is  not  a  mere  elongation  or  development  of  the  external  nose, 
like  the  pseudo-proboscis  of  the  Bear,  Eacoon,  and  Coati,  but  a  syssoma- 
tome. 

Second  general  form  of  deterioration  of  the  Sclerotome  at  the  front 
of  the  Head.  The  character  of  this  form  of  deterioration  may  be  best 
observed  in  the  intermaxillary  or  vomerine  sclerotome  of  the  osseous 
Fish.  Instead  of  being  reserved  for  the  purpose  of  forming  por- 
tions of  nostrils,  the  neural  space  no  longer  required  for  the  lodg^ 
ment  of  a  segment  of  the  neural  axis  disappears  entirely,  the  neura- 
pophyses  being  at  the  same  time  generally  absent.  The  centrum  may 
also  disappear,  or  may  exist  in  the  form  of  a  cartilaginons  nodule ;  a 
pair  of  neurapophyses  may  therefore  form  the  entire  sclerotome.  These 
naemapophyses  generally  extend  outwards  and  downwards  from  one 
another,  or  from  the  centrum  if  it  exists  at  the  mesial  plane.  They  form 
together,  therefore,  an  arch  suspended  at  its  centre,  with  its  piers  unsup- 
ported. The  hsmapophyses  of  the  two  sclerotomes  immediately  behind, 
form  respectively  two  arches,  the  maxillary  and  palatal,  suspended  by 
their  centres  from  the  base  of  the  skuU.  The  centres  of  these  three 
arches  are,  however,  morphologically  their  approximated  piers,  the  actual 
centres,  their  sternal  or  hiemal  conjunctions  are  not  completed  in  the 
osseous  Fish,  in  consequence  of  the  nonformation  of  the  nasal  fossae. 
These  three  incomplete  haamal  arches  retain  their  embryonic  form  of 
imperfect  visceral  laminv.  They  do  not  bridge  across  to  form  a  palate, 
and  therefore  the  first  complete  hsmal  arch  in  the  osseous  Fish  is  the 
mandibular.  The  palate  in  it  is,  therefore,  like  that  of  the  Mamm^, 
morphologically  a  portion  of  the  external  surface  of  the  animal.  But  they 
differ  frrom  one  another  in  this  respect,  that  the  palate  of  the  Fish  is  a 
primary,  that  of  the  Mammal  a  secondary  surface.  • 

Nv/mher  of  Sclerotomes  in  the  Vertebrate  Head. — ^It  has  tended  not  a 
little  to  throw  discredit  on  the  vertebral  theory  of  the  skull,  that  its  ad- 
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Tocatet  hare  dilTered  modi  ••  to  the  munber  of  its  constitneiit  Teiielm. 
I  am  indined  to  think,  that  these  diaoordant  riewa  aie  the  xwult  of 
a  tendency  in  later  inquirers  to  be  influenced  bj  that  c^  priori,  or 
**  transcendental"  fliethod,  oharacteristie  of  those  German  and  Frenek 
anatomists  with  whom  the  subject  originated.  For  my  own  part,  so  far 
from  coinciding  in  the  received  opinion,  that  the  number  of  segments  in 
the  vertebrate  head  is  the  same  m  all  its  forms,  I  beliere  that  it  variea. 
I  shall  state  in  the  sequel  the  grounds  on  which  I  hold  the  number  of 
sclerotomes  to  rtaj  slightlj  in  the  heads  of  the  ordinal^  forms  of  Torte- 
brata.  I  am,  however,  inclined  to  believe,  that  there  are  mdications  afford- 
ed by  embryology  and  comparative  anatomy,  of  the  existence  in  certain 
forms  of  vertebrate  head  of  a  considerably  greater  number  of  sclerotomes 
than  has  been  generally  supposed.  I  base  this  conjecture,  first,  on  the 
system  of  cartlli^^ous  nasal  segments  in  the  Cydostomes ;  and,  secondly, 
that  if  the  head  is  to  be  distinguished  emlnyologicallT  from  the  trunk,  by 
the  presence  of  <*  visoeoal  lanunss"  separated  by  deits,  then  not  only  the 
Cydostomes,  but  the  still  more  remarkable  Branchiostoma  indicate  a  num- 
ber of  cephalic  segments,  and  a  form  of  vertebrate  structure,  of  which,  in 
the  present  state  of  the  science,  it  can  only  be  said,  that  such  a  form  is 
dedudble  from  the  vertebrate  type. 

I  recognise  in  the  head  of  the  Fish,  exclusive  of  the  Cydostomes,  six 
sderotomes ;  in  that  of  the  Amphibian  and  Reptile  also  six ;  with  the 
exception  of  the  Crocodiles,  in  which  the  seventh  it  feebly  developed ; 
in  that  of  Birds,  six ;  and  in  that  of  Mammals,  exdusive  of  the  Proboed* 
dians,  seven. 

I  find  it  more  conyenient  to  examine  these  sderotomes  from  before 
backwards  ;  and  I  distinguish  them  proyisionall^  by  the  following 
d^ignations— I* 

),  RhihaIi.  5.  PosT'-sraxiioiDAL, 

2.  YoMKaiMB.  6.  Temfokal. 

3.  Ethmoidal.  7.  Occipital. 

4.  p&x-sfhbnoibal. 

Keeping  out  of  view,  therefore,  the^  Cj^dostomatous  Fishes  and  the 
Proboscidian  Mammals,  which  present  inmcations  of  a  greater  numbear, 
the  Vertebrata  generally  possess  all  the  sclerotomes  enumerated  above, 
except  the  Rhinal,  whicn  exists  only  in  Mammals  and  Crocodiles. 

On  a  fundwnentai  difference  between  the  cranium  of  the  Mammal^ 
Q/nd  that  of  the  Bird,  Reptile,  Amphibian,  and  oeseoue  Fieh. — In  iny 
earlier  attempts  to  unravd  the  intricacies  of  this  subject,  I  found  myself 
opposed  by  oiflplculties  in  passing  from  the  Mammalian  to  the  lower  form 
01  cranium,  and  vice  versa,  I  afterwards  discovered,  that  this  main^ 
depended  on  the  redprocal  development  and  atrophy  of  the  meta-neura- 
|>ophy8eal  elements  of  four  sclerotomes  in  the  two  forms.  In  consequence 
of  this,  we  had  been  hitherto  confounding  the  frontal  bone,  or  meta-neura- 
pophysis  of  the  ethmoidal  sclerotome  of  the  Mammal,  with  the  so-c»Jled 
"  proper  frontal  bone,"  which  is  in  fact  the  meta-neurapophysis  of  the 
pre-sphenoidal  sclerotome  of  the  Bird,  Reptile,  Amphibian,  and  osseoua 
Fish,  an  element  of  which  there  are,  and  this  only  in  rare  instanoes, 
faint  or  doubtfrd  traces  in  the  former ;  a«td  pari  passut  W^  had  been 
confounding^  the  parietal  bones,  the  double  meta-neurapojohysis  of  the 
post- sphenoidal  sclerotome  of  the  Mammal,  with  the  so-eallea  parietals, 
the  larsely  developed  meta-neurapophvses  of  the  temporal  ederotome 
of  the^ird,  Reptile,  A^nphibian,  and  osseous    Fish,  elements  which 
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are  mucli  redmoed  in  size,  and  masked  in  the  former.  Among  other 
important  OTfoauc  relations  indicated  in  the  ezietenoe  of  these  two  forms 
of  cranium,  I  wonld  here  more  particuLirly  note  their  bearing  on  the 
enoephalon.  Of  the  two  forms,  that  of  the  Fish,  Reptile,  and  Bird, 
while  it  adheres  to  the  common  type,  is  modified  mainly  in  relation  to 
the  organs  of  smeU,  sight,  and  hearing.  That  of  the  Mammal,  also 
adhering  to  the  common  type,  is  modified  in  relation  to  the  cerebrom 
propeiv— to  that  nerrous  structore  superimposed  upon  the  series  of  gan« 
glionic  masses  at  the  base  of  the  brain  which  are  serially  homoh^us 
with  the  spinal  cord. 

RbinaIi  ScLsaoTOMB — In  Mammah. — The  principal  parts  of  the  cra- 
nium which  remain  unossified  in  the  Mammal  are  the  nasal  septum  and  the 
cartilages  of  the  nose.  Of  these,  the  unossified  ]^rtion  of  the  nasal  sep- 
tum is  the  anterior  prolongation  of  the  basal  portion  of  the  so-called  "  pri- 
mordial cranium."  It  is  consequently  a  continuous  mass  of  cartilage,  out 
is  nevertheless  referable  to  three  sclerotomes ;  its  suj^rior  portion  com« 
pleting  tiie  centrum  of  the  ethmoidal ;  its  lower  portion,  the  centrum  of 
the  Yomenne ;  and  its  anterior,  that  of  the  rhinal  sclerotome. 

The  rhinal  sclerotome  in  the  Mammal  is  fibrous,  cartilaginous,  and  cata- 
eentric.  Its  centrum,  formed  by  the  anterior  portion  of  l£e  nasal  septum, 
extends  from  its  neural  to  its  haemal  margin.  Its  right  and  left  neural  ele- 
ments are  the  so-caUed  superior  or  triangular  cartilages  of  the  nose.  They 
may  be  continuous  with  or  merely  attached  to  the  neural  edge  of  their  cen- 
trum. The  anterior  maigins,  or  angles  of  these  cartilages,  and  the  corre- 
sponding point  of  the  septum  or  centran  is  the  absolute  anterior  termination 
of  the  animal,  or  more  precisely  of  its  morphological  axis.  The  ridge 
of  the  nose  downwards  and  forwards  to  that  point  is  neural  or  dorssJ ; 
beyond  it,  although  continued  in  the  same  Ime,  the  ridge  is  hssmal  or 
sterual. 

The  two  alar  cartilages  are  the  hsemapophyses  of  this  sclerotome. 
Variously  modified  in  form,  they  are  more  or  less  firmly  attached  to  the 
lower  margins  of  the  upper  cartilages.  In  front  they  are  attached  to  the 
septum,  to  which  also  they  are  more  loosely  connedied  round  the  tip  of 
the  nose,  being  frequently  folded  in  on  the  ridges  of  the  septum.  In  the 
fibrous  membrane  occupying  the  sides  of  the  space  between  the  posterior 
margius  of  the  alar  cartilages  which  together  constitute  the  hsemal  arch 
of  their  sclerotome,  and  the  anterior  margins  of  the  intermaxillary  bones 
which  form  the  hssmal  arch  of  the  succeeding  sclerotome,  there  are  gene- 
Tally  a  number  of  yariously  modified  cartilaginous  pieces.  These  pieces 
are  teleologindly  highly  important  elements  of  the  rhinal  sclerotome. 
Morphologically  they  are  actmapophyses.  When  fuUy  deyeloped,  they 
are  three  on  each  side  attached  to  the  alar  cartilage.  In  the  Ox  and 
other  Ruminants,  the  superior  actinapophyses  is  an  irregular  lamina, 
which,  imbedded  in  the  fibrous  membrane,  assists  in  supporting  the  wall 
of  the  nostriil.  The  second  is  a  thidk,  short  bar,  articulated  to  the  alar 
cartilage  in  front,  and  jointed  behind  to  the  corresponding  element  of  the 
Tomerine  sclerotome,  by  which  arrangement  it  is  immediately  connected 
with  the  inferior  turbinal  bone,  wMch  is  an  actinapophyseal  element 
of  the  ethmoidal  sclerotome.  The  third  or  inferior  rhinal  actinapoph^- 
flis  is  a  crutch-like  cartilage,  articulated  to  the  alar  element  by  its 
stem,  which  is  bent  inwards,  then  downwards,  and  outwards  to  the 
margin  of  the  nostril,  which  it  supports  by  its  curved  transverse  por- 
tion. In  the  Bear,  Racoon,  and  Coati,  the  two  superior  actinapophyses 
are  much  developed,  and,  along  with  the  neurapophyseal,  form  the  ca»- 
iUaginous  wall  of  the  trunk-like  nose,  or  pseudo-proboscis.  In  the  Phaoo- 
ehoar  the  acuminated  nasal  bones  curve  down  toward  the  intermaxillary, 


1S8  Proceedings  of  Societies, 

80  A8  to  Beparate  the  neuml  elements  of  the  rhinal  sderotome  from  one 
another.  The  rhinal  centrum  is  therefore  much  diminished  in  extent ; 
but  is,  at  the  same  time,  strengthened  for  the  support  of  the  nasal  buckler 
by  a  deposit  of  bone.  The  hsemapophyseal  and  actinapophyseal  elements 
are  thus  pushed  outwards,  along  with  the  nostril,  so  as  to  produce  that 
breadth  for  which  the  snout  of  this  Pig  is  remarkable.  In  Man  the  rhinal 
aotinapophyses  are  reduced  to  the  sesamoid  cartilages.  In  the  Solipeds 
they  disappear  altogether.  The  so-called  semilunar  cartilage  of  the  Horse 
is,  in  fact,  the  alar  cartilage  itself,  the  internal  inferior  angle  of  which, 
much  elongated,  supports  the  inner  maigin  of  the  nostril,  as  the  trans- 
verse limb  of  the  crutch -like  inferior  actinapophysis  of  the  Ruminant, 
supports  the  outer  margin  of  the  orifice. 

The  rudimentary  Rhinal  Sclerotome  in  the  CroeodUee. — ^In  the  Cro- 
codiles, as  in  the  Mammalia,  the  Yomerine  sclerotome  is  tn^Yened  by 
the  nasal  fossee,  which  open  therefore  in  front,  instead  of  behind  it,  as  in 
the  other  Reptiles  and  in  Birds.  It  is  evident,  therefore,  that  if  the 
Crocodiles  do  not  possess,  like  the  Mammalia,  a  rhinal  sclerotome,  their 
external  nostrils  must  present  an  exceptional  arrangement ;  for,  instead 
of  being  metasomatomic,  they  must  be  terminal.  I  find,  however,  that 
in  the  Alligator,  the  hoods  which  extend  from  the  anterior  inner  margins 
and  septum  of  the  osseous  external  nostrils  consist  of  dense  fibrous  tissue, 
covered  by  the  muscles  which  act  upon  them.  This  double  fibro-muscular 
hood  is  so  arranged  on  each  side  as  to  have  the  oblique  slit-like  nostrils 
situated  between  their  outer  margins  and  the  intermaxillary  edges.  If 
a  plate  of  cartilage  were  developed  in  the  margin  of  each  hood,  the  whole 
arrangement  woidd  occupy  the  position,  and  exhibit  the  relations  of  an 
all-nasal  cartilage — a  rhmal  h«emapophysis,  or  neurapophysis,  as  in 
the  Elephant. 

YoHEKiNE  ScLBBOTOXB^— /n If  ammaZs.— In  the  Mammal  the  vomerine  is 
a  perfect  cataoentric  sclerotome.  The  nasal  bones  are  its  neural  elements, 
as  they  occasionally  run  together,  and  are  evidently,  as  has  been  ge- 
nerally admitted,  serially  homologous  with  the  frontals  and  parietals ; 
they  must  be  viewed  as  meta-neurapophyses,  the  neurapophyses  being 
absent  in  the  absence  of  a  nervous  centre.  The  intermaxillaries  meeting 
below  form  the  h«emal  arch,  and  the  centrum  consists  of  the  vomer,  with 
a  corresponding  portion  of  the  cartilaginous  nasal  septum. 

The  vomer  is  a  bone  peculiarly  Mammalian.  It  may  be  said  to  make 
its  appearance  as  a  developed  element,  along  with  the  completed  nasal 
fosssB.  But  its  development  in  the  Mammalian  series  is  not  only  depen- 
dent on  the  nasal  fossae,  but  on  the  intermaxillaries,  with  which,  as  will 
be  shown  in  the  sequel,  it  is  invariably  connected.  Its  passage  backwards 
under  the  centrum  of  the  ethmoidal  sclerotome  to  abut  against  that  of 
the  pre-sphenoidal,  is,  as  will  also  appear,  a  Mammalian  peculiarity,  and 
an  instance  of  that  antero-posterior  elongation  and  of  that  overlapping 
arrangement  so  frequent  in  the  adaptation  of  the  cephalic  centrums  to 
one  another. 

When  the  inferior  turbinal  bone,  an  actinapophysis  of  the  ethmoidal 
sclerotome,  is  highly  developed,  as  in  the  Ruminants,  a  strong  flattened 
bar  of  fibro-cartilage  is  attached  to  the  inner  aspect  of  the  ascending 
process  of  the  intermaxillary,  and  widening  out  into  a  soft  curveiu 
cartilaginous  plate,  completes  the  fore  part  of  the  inferior  turbinal 
connecting  it  at  the  same  time  to  the  second  actinapophysis  or  tur- 
binal process  of  the  ali-nasal  cartilage.  I  look  upon  this  appendage 
as  a  haemactinapophysis  of  the  vomerine  sclerotome ;  and  serially  homolo- 
gous with  the  second  or  turbinal  hscmactinapophysis  of  the  rhinal,  and 
with  the  turbinal  hsemactinapopliysis  of  the   ethmoidal    sclerotomes. 
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These  h8Biiiactinai>ophy8e8  have  all  of  them  been  enclosed  within  the 
nasal  chamber  during  development ;  having  nassed  in  through  the  meti^ 
sderotomic  defts,  instead  of  forming  parts  of  the  nasal  wall,  or  projecting 
from  its  outer  aspect. 

Vomerine  Sclerotome  in  the  Crocodilee. — It  is  remarkable  that  the  fa- 
miliar fact  of  the  peculiar  position  of  the  external  nostrils  of  the  Croco- 
diles should  not  hitherto  have  attracted  attention.  They  open  in  front 
of  the  intermaxillaries  as  in  the  Mammals ;  whereas,  in  the  typical  La- 
certians,  and  in  the  extinct  Plesiosaurs,  Icthyosaurs,  and  Pterodactyles, 
in  the  Ophidians,  Amphibians,  and  Birds,  they  open  behind  these  bones; 
On  this  peculiarity  in  the  Crocodiles  depends  the  very  perfect  develop- 
ment of  tne  anterior  part  of  the  nasal  septum.  Along  with  the  complete 
and  pervious  intermaxillary  arch,  we  £nd  a  complete  although  cartuagi- 
noos  vomer.  Of  that  part  of  the  extended  nasal  septum  of  the  Crocodiles, 
corresponding  to  the  Mammalian  nasal  septum,  tne  only  ossified  portion 
is  an  elongated  single  or  double  slip  along  the  lower  edge  of  its  eth- 
moidal r^on,  and  continuous  with  the  elongated  presphenoidal  centrum. 
Professor  Owen  considers  this  slip  of  bone  as  the  vomer.  I  will  only  ob- 
serve at  present,  that  holding  the  vomer  to  be  invariably  in  relation  to 
the  intermaxillaries,  I  can  only  conceive,  as  the  vomer  in  the  Crocodile, 
that  elongated  cartilaginous  portion  of  the  nasal  septum  which  extends 
beneath  uie  elongated  nasal  bones  to  the  intermaxillary  suture. 

Vomerine  Sclerotome  in  TypiccU  Lekcertians. — In  tiie  proper  Lizards 
this  sclerotome  is  imperforate.  The  intermaxillaries  not  only  dose  in 
at  the  palate,  but  in  front  also ;  the  more  or  less  elongated  and  combined 
ascending  processes  joining  the  united  or  distinct  nasal  bones.  The 
centrum  is  represented  by  the  anterior  part  of  the  cartilaginous  septum. 
The  two  bones  usually  described  as  the  double  vomer  of  the  Lizard  belong, 
as  I  shall  endeavour  to  show  in  the  sequel,  to  the  succeeding  sclerotome 
T— the  ethmoidal. 

Vomerine  Sclerotome  ifn  Bmis.— The  vomerine  sclerotome  of  the  Bird 
consists  principally  of  the  intermaxillaries,  but  partly  of  the  persistent 
anterior  portion  of  the  primordial  cranium.  The  intermaxillaries  speedily 
unite  below  and  in  front,  so  as  to  form  the  first  and  prindpal  part  of  the 
beak.  Their  united  ascending  processes  extend  up  to  the  so-called 
^*  principal  frontal  bone,"  and  separate  completely  the  so-called  nasal 
bones.  In  the  sequel  the  evidence  wiU  be  adduced  on  which  I  found  mv 
belief  that  the  bone  called  in  Birds  the  **  frontal,"  or  *'  prindpal  fit)ntal, ' 
1b  not  the  frontal  of  the  Mammal ;  but  that  the  two  so-called  nasal  bones 
in  the  Bird  are  the  two  halves  of  that  bone  which  in  the  Mammals  is 
called  frontal.  If  so,  where  are  the  nasal  bones  of  the  Bird  ?  as  the  as- 
cending processes  of  their  intermaxillaries,  which  occupy  the  proper  po- 
sition of  the  nasals,  have  not  been  observed  as  separate  centres  of  ossifica- 
tion ;  and  as  the  greater  number  of  Chelonian  Keptiles  want  these  bones, 
and  resemble  Birds  in  the  general  character  and  homy  covering  of  their 
beaks,  I  am  inclined  to  believe  that  the  nasal  bones  are  deficient  as  ossified 
elements  in  the  Bird.  In  young  birds,  after  boiling  or  maceration,  the 
osseous  elements  of  the  beak  may  be  removed,  and  the  anterior  part  of  the 
primordial  cranium  brought  into  view.  In  the  forepart  of  its  septum 
we  again  recognise  the  vomerine  centrum,  but  more  or  less  defident  in 
oertam  Birds  from  the  septal  perforation  peculiar  to  them.  The  upper 
margin  of  the  cartUaginous  septum,  where  it  is  in  contact  with  the 
ascending  processes  of  the  intermaxillaries,  flattens  out  into  a  lamina, 
which  partly  roofs  over  the  external  nostril  on  each  side.  These  mar- 
ginal processes  of  the  cartilaginous  vomerine  centrum  extends  down  in 
front,  so  as  to  line  tiie  fore  and  under  part  of  the  nasal  fossa,  project- 
ing somewhat  behind  the  intermaxillary  margin  of  the  external  nos^* 
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The  brcMd  projeotiiig  apper  portion  of  the  caitOaginons  ■eptum  ooonpaei 
tiie  podtion  of  the  naMl  bones,  while  the  inferior  portions  project  from 
behind  the  intermaxiUaries,  like  opercnlir  aistinapophyses.  In  th« 
Chick  the  part  of  the  primordial  cranium  jost  described  as  belonging 
to  the  vomerine  sclerotome,  presents  an  opaque  aspect  and  fibro-cartila- 
ginous  structure,  oontrastiug  with  the  hyidine  cartilage  posterior  to  it-^ 
a  peculiarity  pointed  out  bj  Reichart  as  characteristic  of  certain  portions 
of  the  primordial  cranium.  It  will  be  observed  that  I  do  not  consider 
the  bone  or  bones  usually  called  **  vomer"  in  the  Bird  as  correctlv  desig- 
nated. In  the  sequel  I  shall  indicate  the  grounds  on  which  I  hold  these 
bones  to  be  the  upper  elements  of  the  palatine  arch. 

The  Vomerine  Sclerotome  in  Chelonian  ReptUee, — The  intermazil- 
laries  in  the  Chelonian,  united  below,  complete  the  front  of  the  palate 
alveolar  margin,  and  floor  of  the  nasal  fosssB.  The  only  trace  of  ascend* 
ing  processes  which  they  present,  is  a  compressed  spine  which  projects 
upwards  at  their  junction  in  the  median  line  of  the  nasal  opening  of  the 
cranium.  The  lateral  margins  of  that  opening  are  formed  by  the 
maxillaries  alone;  its  upper  margin  by  the  so-called  pre-frontals, 
except  in  Hydromedusa  and  certain  fossil  forms.  The  cartilaginous 
septum  of  the  nasal  fo8s»  extends  up  from  the  intermaxillary  suture  to 
that  of  the  prefrontals. 

Is  the  Chelonian  vomerine  sclerotome  modelled  on  that  of  the  Crocodile, 
or  of  the  Bird  ?  The  Chelonian  presents  the  first  stage  in  the  remarkable 
development  of  the  nasal  passages  exhibited  by  the  Crocodiles.  But  the 
general  defidencv  of  the  naisal  bones,  the  indications  of  ascending  processes 
of  the  intermaxillaries  in  the  mesial  plane,  the  formation  of  the  posterior 
margins  of  the  external  nostrils  by  the  maxillaries,  appear  to  me  to  show 
that  in  the  construction  of  its  vomerine  sclerotome,  the  Chelonian  differs 
from  the  Crocodiles,  and  resembles  the  typical  Lacertians,  the  Ophidians^ 
Amphibians,  and  the  Birds.  The  cartilaginous  lining  of  its  nasal  fossas, 
a  remnant  of  its  primordial  cranium,  projects,  in  general,  a  littie  be- 
yond the  margins  of  the  osseous  nostrils,  as  in  Birds ;  but  in  Trionyx 
and  Chelys,  the  projecting  margins  run  forward  together  in  the  form  of 
a  double  cartilaginous  proboscis. 

The  Vomerine  Sclerotome  in  the  osseotis  Fi»he$.~^l  have  already  de* 
scribed  the  general  constitution  of  the  vomerine  sclerotome  of  the  osseous 
Fish,  as  one  form  of  deterioration  of  the  forepart  of  the  cranium.  Its 
centrum,  the  vomer,  when  it  is  present,  is  merely  a  cartilaginous  noduls 
In  the  longitudinal  axis  of  the  basis  of  the  cranium,  in  front  of  the  bone 
usually  described  as  the  "  vomer,"  but  which  I  believe  to  be  the  centrum 
of  the  ethmoidal  sclerotome, — ^the  neural  elements,  and  those  scale-like 
bones,  which  Cuvier  recognises,  I  believe  correctly,  as  the  nasals.  Pro* 
fessor  Owen  considers  these  bones  to  be  the  turbinal  divisions  of  the 
olfactory  <*  sense  capsules" ;  and,  according  to  his  doctrine  of  the  sense 
capsules,  elements  of  the  splanclmo-skeleton.  If  Professor  Owen  under* 
stands  by  the  turbinal  divisions  of  the  olfactory  sense  capsules,  bones 
homologous  with  the  inferior  turbinated,  or  even  the  so-called  ethmoidal 
turbinated  bones  of  the  Mammal,  it  is  difficult  to  understand,  on  embryo* 
logical  principles,  how,  as  splanchnic  bones,  and  as  developed  in  connection 
with  the  maxillaries,  they  come  to  be  situated  under  the  integument  of  the 
upper  surface  of  the  head.  It  is,  moreover,  questionable,  whether  the 
sclerous  capsule  of  this,  or  of  any  of  the  special  sense  organs,  is  ever  divid- 
ed, and  its  parts  separated  from  one  another,  under  sudi  relations  as 
those  presented  by  the  so-called  "  turbinals"  and  **  ethmoidal"  of  the 
osseous  Fish. 

The  intermaxillaries  fonn  the  principal  and  more  peculiar  elements  of 
this  form  of  vomerine  sclerotome.    The  nasal  fossn  being  entirely  absent. 
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the  mereljr  fibroiu  olfaetovy  tense  eapmile  is  8ubeataiieoiu»  or  partly 
under  oover  of  the  Jkual  hones  (torbinals)  ;  the  vomer  is  not  developea 
as  a  septnuny  but  merely  to  supply  a  falcnim  for  the  intermazilluiesy 
which  may  eren  oonstitnte  the  entire  sderotome,  but  are  neyer  united 
below,  so  as  to  form  a  complete  haemal  areh. 

Thc  Ethmoidal  Sclbbotoxb. — ^The  ethmoidal  sckrotome,  and  the  pre- 
sphenoidal  immediately  behind  it»  present,  in  the  different  forms  of 
Yertebrata  rarions  remarkable  modiiications  of  their  elements,  partly 
dependent  on  the  position  of  the  olfactory  lobes  of  the  brain,  partly  on 
the  position  of  the  olfactory  capsules  themseWes,  partly  on  peculiar 
adjustments  of  the  nasal  foss^,  and  on  the  arrangements  subservient  to 
Biastication. 

The  withdrawal  from  behind  forwards  of  the  neural  axis,  in  the  course 
of  derelopment,  from  the  posterior  extremity  of  the  neural  canal  la 
aooompanied  by  well-known  changes  in  the    evacuated,  but  rapidly 
inereasinff  posterior  trunk  sclerotomes.    Corresponding,  but  much  more 
remarka^  changes,  to  which  attention  has  not  been  hitherto  sufficiently 
directed,  accompany  the   withdrawal   from   before  backwards  of  the 
anterior  part  of  the  brain  from  the  ethmoidal  and  pre-sphenoidal  sdero- 
tomes.    The  neural  portions  of  these  sclerotomes  assume  more  or  less  of 
the  cataoentrie  charaet«p — ^they  become  demicatasentric.    The  neural 
chamber  of  the  ethmoidal  sderotome  of  the  Mammal,  in  addition  to  a 
portion  of  the  cerebrum  proper,  lodges  its  homologous  segment  of  the 
neural  axis.    In  the  Bird  the  neural  chamber  of  this  sclerotome  is  com- 
pleteljr  evacuated  by  the  neural  axis,  which  not  only  leaves  it,  but  with- 
draws in  part  also  nxxm  the  pre-sphenoidaL    The  absence  of  the  anterior 
extremity  of  the  neural  axis  from  the  neural  chamber  of  the  ethmoidal 
sderotome,  is  accompanied  by  the  divisiiMi  of  that  chamber  into  a  right 
and  left  compartment  by  a  mesially  laminar  centrum,  the  two  compart- 
ments being  occupied  by  the  olfactory  capsules.    The  olfactory  lobes  in 
the  Bird  are  not  only  withdrawn  from  the  ethmoidal  sclerotome,  but 
retreat  to  a  certain  cUstance  backwards  in  the  neural  chamber  of  the 
pie-sphenoidaL    To  this  extent  the  chamber  becomes  catacentric ;  but 
instead  of  its  two  resulting  compartments  being  occupied  by  new  struo- 
tares,  having  only  to  trsosmit  the  ol&ctory  nerves,  their  outer  walls 
collapse  upon  the  mesially  laminar  centrum,  and  very  generally  disapjpear 
almost  altogether,  so  as  to  leave  the  nerves  uncovered  on  the  sides  of  the 
litmiTiar  centrum  as  they  pass  fbrward  to  the  ethmoidal  chambers.    The 
neural  chamber  of  the  ethmoidal  sclerotome  of  the  Bird,  containing  only 
tka  olfactory  capsules,  is  so  connected  with  the  bones  of  the  face,  and 
with  the  neural  arch  and  centrum  of  the  pre-sphenoidal,  as  to  be  more  or 
less  moveable  along  with  the  lower  mandible.    The  ethmoidal  in  the 
Mammal  is  thus  seen  to  be  the  anterior  cerebral  sclerotome,  while  in  the 
Bbrd  it  becomes  the  posterior  facial  sclerotome. 

In  the  Beptile  both  the  ethmoidal  and  pre-sphenoidal  sclerotomes  are 
evacuated  by  the  neural  axis,  the  olfactory  nerves  alone  passing  along 
in  the  compressed  tubular,  partiaUy-Hsatacentrio  neural  chamber  of  the 
latter — the  olfactory  capsules  occupying  the  right  and  left  chambers  of 
the  former.  In  Reptiles,  however,  the  very  varied  forms  assumed  by  the 
bones  of  the  face,  and  more  particularly  by  those  of  the  ijalatine  arch,  in 
lelation  to  the  nostrils,  and  the  arrangements  for  mastication,  produce 
nnmerous  remarkable  modifications  of  these  two  sclerotomes. 

In  passing  from  ti^  Beptile  to  the  Fish,  the  ethmoidal  sclerotome  may 

be  said  to  gather  together  its  scattered  elements,  and  to  present  a  cen* 

tram  and  neural  arch  frequently  as  compact  as  the  Human ;  but  modified 

by  the  deficient  of  nostrils,  and  by  the  withdrawal  of  the  neural  axis. 

MthmMal  CttOmm  a/nd  NmralAr^hin  (As  if  am«aa^.— The  human 
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cranium,  as  the  most  perfect  in  the  higher  of  the  two  forms  of  skull, 
will  not  unfrequently  be  found  to  afford  a  clue  to  the  signification  of 
bones  which,  being  only  applied  to  their  final  purposes  in  it,  are  more 
or  less  masked  in  the  other  Mammalia,  and  apt  to  be  misunderstood 
altogether  in  the  Fish,  Reptile,  and  Bird.  If  we  examine  in  connec- 
tion the  two  bony  masses,  which,  in  the  current  nomenclature  of 
Human  Anatomy,  are  distinguished  as  frontal  and  ethmoid,  they  wiU 
be  seen  to  constitute  a  ring,  the  space  within  which  is  greatly  dilated 
behind,  in  consequence  of  the  rast  expansion,  more  particularly  of 
the  upper  and  lateral  portions  of  the  nontal;  while  it  is  diminished 
to  a  tubular  chink  in  front,  and  is  so  indistinct  towards  the  nasal 
fosssB,  that  the  older  anatomists  named  it  "  foramen  caecum."  The 
deyelopment  of  this  bony  ring  shows  it  to  consist  of  five  pieces.  These 
are,  the  mesial  plate,  including  the  crista-galli  of  the  ethmoid,  the  lateral 
masses  of  the  same  bone,  including  the  corresponding  halves  of  the 
crebriform  lamina,  and  the  two  halves  of  the  frontal.  We  have  here 
therefore  a  centrum,  a  pair  of  neurapophyses,  and  a  divided  meta-neura- 
pophysis.  The  pair  of  olfactoir  nervous  centres,  which  terminate  in  front 
the  entire  series  of  segments  of  the  neural  axis,  are  the  segments  of  that 
axis,  homologous  with  this  neural  arch  and  centrum.  In  the  Mammalia 
only,  is  the  upper  part  of  this  neural  arch  expanded  and  adapted  for  the 
protection  of  the  more  or  less  developed  forepart  of  the  cerebrum  proper. 
In  the  central  portion  and  lateral  masses  of  the  ethmoid,  and  in  the  frontal 
bones  of  the  Mammal,  I  recognise  the  centrum  and  neural  arch  of  a  sclero- 
tome, which  X  provisionally  distinguish  as  the  ethmoidal. 

Centrum  and  Neural  Arch  of  the  Ethmoidal  Sclerotome  in  the 
osseous  Fish, — The  more  or  less  concurrent  statements  of  Oken,  Bojanus, 
GeofiroT,  Cuvier,  and  Owen,  as  well  as  the  relations  of  the  bones  them- 
selves, leave  no  doubt  as  to  the  homology  of  the  so-called  pre-frontals  of 
the  Fish.  They  are  neurapophyseal  elements,  the  lateral  ethmoidal  masses 
of  the  Mammal  in  another  form,  and  minus  the  ossified  olfactory  capsules. 
Tho  median  bone  superimposed  upon  the  "  pre-frontals"  of  the  Fish,  and 
which  has  been  very  generally  held  to  be  the  united  nasals,  and  the  spine 
of  the  olfactoiT  vertebra,  must  be  homologous  with  the  frontal  bone  of 
the  Mammal,  if  its  relations  to  the  *'  pre-nrontals"  and  olfactory  nerves 
of  the  former  are  compared  with  those  of  the  ethmoid  and  frontal  bones, 
and  the  olfactory  nerves  of  the  latter.  Professor  Owen,  while  he  adopts 
the  determination  of  the  superior  median  bone,  as  the  united  nasals,  also 
holds  by  the  hitherto  unanimous  opinion  of  anatomists,  that  the  median 
bone  armed  with  teeth,  situated  below  the  pre-frontals  of  the  Fish,  is  the 
vomer.  Guided  by  the  ethmoid  of  the  Mammal,  I  cannot  see  in  this  bone 
aught  else  than  the  homologue  of  the  central  element  of  the  Mammalian 
ethmoid.  The  vomer  is  a  Mammalian  bone  ;  if  it  appears  in  the  Fish  at 
all,  it  IB  a  cartilaginous  or  semiossified  nodule  between  the  intermaxillaries. 
That  the  centrum  of  the  ethmoidal  sclerotome  in  the  Fish,  considered  as 
the  homologue  of  the  central  ^late  or  bar  of  the  Mammalian  ethmoid, 
should  carry  teeth  in  the  Fish,  is  not  more  remarkable  than  that  one  of 
the  centrums  of  the  cervical  vertebne  in  that  class  of  animals  should  be  so 
armed. 

Hcemal  Arch  of  the  Ethmoidal  Sclerotome  in  the  Mammal  and 
osseous  Fish. — I  have  commenced  my  account  of  the  morphological 
constitution  of  this  important  sclerotome,  by  pointing  out  the  typical 
arrangement  which  its  neural  arch  and  centrum  present  in  the  Mammal 
and  Fish.  As  the  arrangement  of  these  parts  of  this  sclerotome  becomes 
much  and  variously  modified  in  Birds,  Reptiles,  and  Amphibia,  in  rela- 
tion to  the  various  forms  presented  by  the  organs  of  smell  and  the  nostrils, 
it  will  be  necessary,  before  proceeding  farther,  to  examine  the  constitutioii 
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of  its  haemal  arch.  Eren  in  its  moflt  complex  fonn,  this  hfimal  arch,  like 
those  of  the  rhinal  and  vomerine  sclerotomes,  consists  of  two  elements 
only,  the  right  and  left  maxillary  hones.  In  the  osseons  Fish  they  re- 
semble the  "  lateral  frontal  processes"  in  the  embryo  ;  they  form  only 
an  incipient  arch  like  that  formed  by  the  vomerine  hemapophyses  in  front 
of  them.  They  do  not  invariably  carry  teeth.  They  are  variously  con- 
nected to  the  haemapophyses  before  and  behind  them ;  and  superiorly  to 
the  lateral  and  forepart  of  the  centrum,  neurapophyses,  and  meta-neura- 
pophyses  of  the  neural  arch  of  their  own  sclerotome. 

The  maxillaries  of  the  Mammal,  more  or  less  extended  f^m  before 
backwards,  and  increased  in  breadth  and  depth  to  adapt  them  to  their 
f mictions  in  mastication ;  meeting  one  another  below,  to  form  a  great 
part  of  the  vault  of  the  palate,  and  to  assist  in  the  formation  of  the  nasal 
passages ;  hollowed  out  to  combine  lightness  with  strength  ;  and  buttressed 
by  numerous  connections  with  neighbouring  bones,  nevertheless  retain 
their  connection  with  the  neural  portion  of  their  own  sclerotome,  being 
attached  superiorly  to  the  lateral  masses  of  the  ethmoid,  and  to  the 
fWmtal.  They  are  not  articulated,  as  in  the  Fish,  to  their  centrum ;  but 
those  connections  to  the  neurapophyses  and  meta-neurapophyses,  which  in 
Fish  are  affected  by  ligaments,  are  sutures  in  the  Mammal.  In  the  sequel 
it  will  be  shown,  that  of  the  two  connections  of  the  maxillary,  that  to  the 
firontal,  and  that  to  the  lateral  ethmoid,  the  former  is  the  most  constant ; 
presenting  in  my  opinion  the  fundamental  discriminative  character  of  the 
remarkably  modified  irontal  of  the  Bird,  Reptile,  and  Amphibian. 

The  Ethmoidal  Sclerotome  in  the  Bird, — The  ethmoidal  sclerotome 
IS  remarkably  modified  in  the  Bird.  It  forms  no  part  of  the  cranium 
proper,  but  assumes  the  position  and  structure  of  a  facial  sclerotome. 
The  Bird,  like  the  Mammal,  has  two  proper  facial  sclerotomes.  In  the 
former,  there  are  the  vomerine  and  the  ethmoidal ;  in  the  latter  the  rhi- 
nal and  vomerine.  In  the  majority  of  Birds,  also,  the  ethmoidal  sclero- 
tome, along  with  the  vomerine,  moves  more  or  less  freely  on  the  pre- 
sphenoidal.  It  is,  moreover,  peculiar  in  being  chiefiy  devoted  to  the 
economy  of  the  organs  of  smell ;  in  having  its  meta-neurapophyseal  ele- 
ments separated  from  one  another  by  the  passage  backwards  of  the  con- 
joined ascending  processes  of  the  intermaxillaries ;  in  the  feeble  deve- 
lopment of  its  hasmapophyses ;  and  in  its  cavities  being  altogether  neural, 
its  neurapophyseal  elements  forming  more  or  less  of  its  palatal  aspect. 

The  meta-neurapophyses  of  the  ethmoidal  sclerotome  of  the  Bird,  are 
the  so-called  nasal  bones.  From  their  invariable  connection  with  the 
maxillaries,  I  cannot  see  in  these  "  nasal  bones, *'  aught  else  than  the 
proper  frontal  bones — the  frontals  of  the  Mammal.  They  are  separated 
from  one  another  by  the  ascending  processes  of  the  intermaxillaries  ;  a 
circumstance  which  does  not  militate  against  their  being  the  right  and 
left  halves  of  a  meta-neurapophyses.  They  are  more  or  less  elongated  in 
the  antero-posterior  direction  ;  and  they  bound  the  posterior  margins  of 
the  external  nostrils  by  the  descending  processes  which  connect  them  with 
the  maxillaries.  To  aistinguish  them  from  the  meta-neurapophyses  of 
the  pre-sphenoidal  sclerotome,  I  designate  them  ethmoido- frontals. 

The  arrangement  of  the  centrum  and  neurapophyses  of  this  sclerotome 
in  the  Bird,  appear  to  me  to  have  been  in  a  great  measure  overlooked, 
from  having  been  examined  in  the  macerated  skull,  in  which  these  parts, 
as  consisting  principally  of  cartilage,  are  to  a  great  extent  absent. 

The  centrum  consists  of  the  posterior  and  greater  part  of  the  mesial 
cartilaginous  lamina,  the  interior  portion  of  which  forms  the  vomerine 
centrum.  The  ethmoidal  portion  of  this  laminar  mesial  cartilage  flattens 
out  at  its  upper  margin,  in  the  same  manner  as  the  vomerine  portion  in 
fronX ;  and  uxe  the  flattened  upper  edge  of  the  so-called  '*  ethmoid  bone," 
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^-tbe  oentram  of  the  pre-fphenoidal  sclerotome  behind.  In  the  tame  mtn- 
ner  as  the  flattened  upper  margin  of  the  Yomerine  portion  extends  out- 
^lards  on  each  side,  so  as  to  form  a  hood  over  the  upper  and  forepart  of 
the  external  nostrils,  the  flattened  upper  margin  of  the  ethmoidal  portion 
of  the  septum  passes  outwards  on  each  side,  under  eoYer  of  the  ascending 

§  recesses  of  the  intermaxillary,  and  under  the  ethmoido -frontal,  extending 
own  more  or  less  to  the  level  of  the  palatal  plate  of  the  maxillary,  and 
then  turning  in  towards  the  mesial  plane,  approaches  or  meets  the  lower 
margin  of  the  mesial  lamina  itself.  Posteriorly,  these  curved  eartila^oua 
plates  dose  in  upon  the  posterior  margin  of  the  septum ;  which  is  not  conti- 
nuous with  the  anterior  maigin  of  the  laminar  septum  of  the  pre-spheaoid. 
They  are  each,  however,  perforated  or  notched  for  the  transmission  of 
the  olfactory  nerve  ;  and  thev  also  leave  on  each  side  of  the  septum  at 
their  posterior  inferior  angles,  a  space  for  the  posterior  nasal  oriflce. 
The  superior  and  middle  turbinated  folds  of  the  nasal  chamber  on  each  side, 
are  also  supported  by  turbinated  cartilaginous  projeetiotts  from  the  in- 
ternal surfaces  of  their  plates. 

I  have  already  stated  that  the  anterior  fibro-cartilaginous  portion  of 
the  persistent  part  of  the  primordial  cranium  of  the  Bird  enters  in- 
to the  structure  of  its  vomerme  sclerotome ;  it  will  now  be  observed  that 
its  posterior  hyaline  portion  enters  into  the  formation  of  the  ethmoidal 
sclerotome.  In  the  majority  of  Birds,  the  septal  lamina  continues  carti^ 
laginous,  as  well  as  the  greater  part  of  the  curved  lateral  plates,  with 
their  internal  turbinal  projections.  A  more  or  less  extended  porticm  only 
of  each  curved  plate  becomes  ossified  when  it  extends  inwards  across  the 
palate ;  and  the  ossified  portion  becomes  anchylosed  to  the  maxillary, 
or  to  the  descending  maxi^ary  pocess  of  the  ethmoido-frontal  (*'  nasal  ), 
and  in  many  Birds  to  the  anterior  extremity  of  the  palate  bone. 

I  recognise,  therefore,  the  posterior  part  of  the  nasal  septum  as  the  cen- 
trum; the  so-called  *'  nasals"  as  the  raeta-neurapophyses ;  and  the  more 
or  less  ossified  lateral  and  inferior  walls  of  the  olfacttny  chambers  as  the 
neurapophyses  of  the  ethmoidal  sclerotome  of  the  Bird.  If  it  be  objected 
to  this  determination,  that  the  parts  which  I  consider  as  neuropophjsea, 
are  only  portions  of  the  olfactory  sense  capsules,  I  would  merely  observe, 
that  these  sense  capsules  are  in  fact  combmed  with  the  neurapophyseal 
portions  of  the  ethmoidal  sclerotome  in  the  Bird,  as  in  the  primordial 
cranium  of  the  Mammal,  Reptile,  and  Amphibian,  and  as  in  cartilaginous 
Fishes ;  but  that  this  circumstance  in  no  way  nullifies  the  existence  of  the 
neurapophyseal  element  itself,  either  in  the  sclerotome  with  which  the 
olfactory  capsules,  or  in  those  with  which  the  ocular  and  auditory  capsules, 
are  connected.  I  would  also  obeerve,  that  I  base  my  determination  of  the 
neurapophyseal  character  of  these  parts,  not  merely  on  their  relations  in 
the  Bird,  but  on  the  varied  relations  exhibited  by  their  corresp<mdiDg 
parts  in  Reptiles. 

The  maxularies  or  hsBinapophyses  of  the  ethmoidal  sclerotome  are  feebly 
developed  in  the  Bird.  Connected  above,  chiefly  to  the  descending  pro- 
cesses of  the  ethmoido-frontals,  and  more  or  less  prolonged  in  the  antero- 
posterior direction,  the  maxUlaries  do  not  invariably  complete  the  h»mal 
arch.  Their  region,  therefore  of  the  palate,  is  more  or  less  completely 
occupied  by  the  neurapophyseal  plates  of  their  own  sclerotome. 

Tne  Ethmoidal  Sclerotome  in  the  Chelonian.^-The  connection  of  the 
maxillaries  of  the  Tortoises  and  Turtles,  by  means  of  the  ascendiug  pro- 
cesses of  these  bones,  with  the  so-called  pre-firontals,  appears  to  me  to  in- 
dicate that  the  latter  are  hoiuologous  with  the  ethmoido-frontals  of 
the  Bird,  or  the  frontals  of  Mammalia.  I  zeoogniae  in  them  the  meta- 
neurapophyses  of  the  ethmoidal  sclerotome.  Each  of  these  bones  sends 
down  £rom  its  posterior  margin  a  lamiaa,  concave  in  front » and  forming 
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witli  the  ooncaye  under  surface  of  the  bone  itself,  the  posterior  su- 
perior hollow  of  the  nasal  fossa.  The  inner  margins  of  these  two  de- 
scending lamina  give  attachment  to  the  anterior  margins  of  ihe 
fibro-cartilaginons  laminie,  which  bound  laterally  the  compressed  pre- 
Bphenoidal  neural  space,  and  form  the  so-called  interorbital  septum.  The 
inner  margins  of  the  two  descending  frontal  laminas  are,  therefore,  se- 
parated firom  one  another  above  by  the  breadth  of  the  forepart  of  the 
groove  on  the  mesial  part  of  the  under  surface  of  the  combined  so-called 
<<£rontals/'  If  now  the  macerated  skull  of  the  Turtle  be  examined,  it 
will  be  found  that  a  complex  bony  piece,  the  so-called  "  vomer,"  con- 
nects by  its  pair  of  short  divergent  upper  processes  the  inferior  extremi- 
ties of  the  inner  margins  of  the  descending  frontal  jmcesses,  converting 
the  space  between  them  into  a  triangular  orifice.  This  so-called  vomer, 
after  sending  a  horizontal  plate  backwards  between  the  palatines  to  form 
the  mesial  portion  of  the  common  orbital  floor,  and  to  support  the  cartila- 
ginous bar-Uke  centrum  of  the  pre-sphenoid,  passes  down  as  the  osseous 
septum  of  the  posterior  nares,  and  terminates  in  the  form  of  a  pentagonal 
plate  in  the  palate,  between  the  palatines  and  maxillaries,  and  in  some 
species  in  a  hexagonal  form,  between  the  palatines,  the  maxillaries,  and 
inter-maxillaries.  The  relations  of  the  ethmoidal  neurapophyses  to 
their  meta-neurapophyses  in  the  Bird,  and  the  presence  of  the  former  in 
the  maxillary  region  of  the  palate,  led  me  to  suspect  that  the  so-called 
«  vomer  "  of  the  Turtle  is  the  combined  neurapopnyses  of  its  ethmoidal 
sclerotome.  But  its  posterior  horizontal  laminar  process,  which  supports 
the  cartilaginous  pre-sphenoidal  centrum,  as  weU  as  the  process  which 
forms  the  septum  of  the  posterior  naxes,  indicated  the  probability  of  the 
"  vomer"  being  a  still  more  complex  bone.  I  have  not  met  with  the 
palatal  plate  as  a  separate  bone  in  the  Turtle,  although  in  longitudinal 
sections  I  have  observed  fi&int  indications  of  its  having  been  so.  I  find, 
however,  that  in  certain  Tortoises,  not  only  is  the  palatal  plate  connected 
by  a  distinct  suture  to  the  upper  portion  of  the  so-called  "  vomer,"  but 
it  IB  divided  by  a  similar  suture  in  the  mesial  line  of  the  palate  into  two 
halves.  In  these  Tortoises,  therefore,  the  separation  of  the  posterior 
nares,  the  junction  of  the  descending  processes  of  the  ethmoido-frontals, 
and  the  support  of  the  cartilaginous  bar-like  centrum  of  the  pre-sphenoid, 
are  afiected  by  a  distinct  bone,  which,  including  its  connections  to  the 
nilatines,  presents  all  the  characters  of  the  so-called  **  vomer"  of  the 
Bird.  But  I  have  already  stated  my  belief,  that  the  bone  so-called  is  not 
the  Tomer  of  the  Bird  ;  and  in  the  sequel  I  shall  state  the  grounds  on 
which  I  hold  it  to  be  the  combined  entopterygoids— -the  upper  dements  of 
the  palatine  arch. 

Ethmoidal  Sclerotome  in  the  Crocodiles, — ^In  the  Crocodiles  proper, 
and  the  Gavials,  the  lachrymal  is  interposed  between  the  so-called  pre- 
frontal and  the  maxillary.  In  the  Alligators  the  maxillary  resumes  its 
connection  with  the  pre-nontal,  which  it  had  lost  in  the  two  other  families 
on  account  of  the  elongation  of  the  snout.  The  pre-firontals  in  all  the 
Grocodilians  are  separated  from  one  another  mesially  by  the  passage 
backwards  of  narrow  contiguous  processes  of  the  nasals,  and  by  similar 
processes  which  pass  forwuds  from  the  so-called  "  proper  frontals"— -in 
this  respect  resembling  the  so-ealled  "nasals"  of  the  Bird,  which  are 
separated  from  one  another  by  the  ascending  processes  of  the  inter- 
maxiUaries. 

Assuming  the  relations  of  the  pre  fh)ntals  of  the  Crocodilian  to  the 
maxillary  arch  as  evidence  of  their  being  the  metarueurapophyses  of  the 
ethmoidal  sclerotome — ^that  is,  coUectiveiy,  the  homologue  of  the  Mam- 
malian frontal — the  next  elements  of  this  sclerotome  to  be  determined 
are  its  neurapophyses.     At  this  point  the  type  of  ethmoidal  sclerotome 
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exhibited  bj  the  Bird,  and  the  modification  of  that  tjpe  presented  by 
the  Chelonian,  indicate  its  character  in  the  Crocodilian.  The  descending 
processes  of  the  prefrontals  of  the  Crocodiles  are  connected  inferior!  j  to 
the  ascending  processes  of  the  so-called  '*  palate  bones."  Now,  a  bone 
connected  to  the  honiologue  of  the  Mammalian  frontal  cannot  well  be 
4)onsidered  as  the  palate  bone,  even  although  it  be  situated  between  and 
united  by  suture  to  the  maxillary  and  pterygoid.  But  a  bone  with 
such  relations,  if  viewed  in  the  light  of  the  corresponding  relations  of  the 
ethmoidal  neurapophyses  of  the  Bird,  indicates  its  own  real  nature.  The 
ethmoidal  neurapophyses  of  the  Bird,  connected  above  with  the  ethmoido- 
firontals,  form  below  more  or  less  of  the  palatine  vault.  The  ethmoidal 
neurapophyses  of  the  Chelonians,  pushed  away  forwards  and  downwards 
from  the  ethmoido-frontal  by  the  ento-pterygoid,  still  form  a  part  of  the 
vault  of  the  palate.  In  like  manner  I  recognise,  in  the  so-called  '*  palate 
bones  "  of  the  Crocodilian,  the  neurapophyses  of  its  ethmoidal  sclerotome. 
The  ethmoido-frontals  and  neurapophyses  of  the  Bird,  form,  along  with 
their  cartilaginous  septum  or  centrum,  a  complete  catacentric  neural  ring. 
The  interposition  of  the  ento-pterygoid  of  the  Chelonian  separates  the 
meta-ueurapophyses  from  the  neurapophyses  of  the  ethmoidal  sclerotome, 
and  at  the  same  time  separates  the  neural  space  into  an  upper  portion, 
mesially  divided  by  the  cartilaginous  septum  or  centrum  for  the  passage 
of  the  olfactory  nerves,  and  into  an  inferior,  mesially  divided  by  the 
ento-pterjgoid  itself  for  the  right  and  left  nasal  passages.  A  similar 
but  somewhat  modified  change  is  efifected  in  the  ethmoidal  sclerotome  of 
the  Crocodilian,  by  the  interposition  of  the  anterior  extremities  of  its 
pterygoids — ^which  anterior  processes  I  believe  to  be,  in  fact,  the  ento- 
pterygoids.  These  anterior,  generally  mesially  united,  processes  of 
the  pterygoids  of  the  Crocodilian,  were  considered  by  Cuvier  as  repre- 
senting the  under  portion  of  the  Mammalian  vomer.  He  describes  them 
as  two  osseous  pieces  fixed  to  the  inner  margins  of  the  '*  palate  bones," 
in  front  of  the  "  anterior  frontals,"  and  of  that  part  of  the  pterygoid 
which  covers  the  nasal  canals.  Professor  Owen  describes  these  pieces  as 
the  "  vomer,"  and  as  being  generally  anchylosed  to  the  forepart  of  the 
basi-sphenoid ;  but  he  adds  the  following  very  important  observation, 
which  I  have  verified,  that  they  (the  *'  vomer")  form  a  distinct  bone  in 
a  species  of  Alligator,  which  passes  so  far  forward  and  downwards  as  to 
appear  in  the  form  of  a  plate  in  the  vault  of  the  palate,  in  front  of  the 
palate  bones. 

That  this  double  bony  splint  is  not  a  vomer,  as  Cuvier  supposed,  must 
be  evident,  if  the  vomer  is  to  be  considered  as  an  element  of  the  vomerine 
sclerotome.  It  cannot  be,  as  Professor  Owen  states,  a  vomer  united  to 
the  "  basi-sphenoid ;"  because,  in  front  of  the  elevated,  laterally-com- 
pressed, quadrilateral  process  which  passes  forwards  and  upwards  from 
the  centrum  of  the  post-sphenoid,  the  real  axis  of  the  skull  is  continued 
forward  in  the  form  of  a  compressed  cartilaginons  bar,  which  is  the  cen- 
trum of  the  pre-sphenoid,  and  which  passes  in  front  into  the  cartilaginous 
nasal  septum,  which  constitutes  the  ethmoidal  and  vomerine  centrums. 
The  Crocodilian  and  Chelonian  skulls  are,  in  fact,  entirely  destitute  of 
ossified  central  elements  in  front  of  their  post-sphenoidal  centrums,  the 
superincumbent  framework  in  these  forms  of  cranium  being  supported 
along  the  base,  not  by  ossified  centrums,  but  by  greatly  expanded  and 
modified  pterygoids,  ento-pterygoids,  ethmoidal  neurapophyses,  roax- 
illaries,  and  inter-maxillaries,  immediately  above  which  series  of  bones 
lies  the  persistent  central  axis  of  the  primordial  cranium,  as  far  back 
as  the  ossified  centrum  of  the  post-sphenoidal  sclerotome.  In  a  mesial 
antero-posterior  section  of  the  macerated  skull  of  the  Crccodilus  vulgaris ^ 
a  suture  will  be  found  commencing  in  front  of  the  common  orifice  of  the 
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Eustacliian  tabea,  and  termmating  at  the  lower  part  of  the  root  of  the 
laterally-compressed  post- sphenoidal  process  alreadj  alluded  to.  In  front 
of  this  suture,  the  section  presents  no  traces  of  central  elements,  the 
pterygoids  and  so-called  '*  palatals  *'  taking  their  places.  In  a  section  of 
this  kind  in  the  Museum  of  the  Universitj  of  Edinburgh,  the  extremity 
of  the  anterior  process  of  the  pterygoid  passes  forwards  and  downwards, 
appearing  in  the  suture  between  the  two  '*  palatines,"  about  an  inch 
from  their  anterior  margins ;  the  right  and  left  portions  exposed  on  the 
▼ault  of  the  palate  being  separated  from  the  *'  palatines"  by  surrounding 
suture,  and  forming  together  a  narrow  double  surface,  one-eighth  of  an 
inch  iu  length.  In  the  section  to  which  I  allude,  and  in  similar  sections, 
I  observe  traces  of  the  line  of  anchylosis  between  these  anterior  processes 
and  the  pterygoids  themselves.  These  lines  run  upwards  and  lorwards, 
and  appear  to  include  the  anterior  and  greater  part  of  the  pterygoidal  por- 
tion of  the  nasal  septum,  and  the  thin  plate  which,  on  each  side,  passes 
up  to  be  united  to  the  descending  process  of  the  **  pre-frontal.'  In 
disarticulating  the  skull  of  the  Crocodile  the  pterygoids  generally  remain 
attached  to  the  post-sphenoidal  centrum,  so  that  the  prolonged  anterior 
processes  of  the  former  present  the  appearance  of  bemg  elongations  of 
the  latter,  which  they  in  fact  are  not. 

From  the  foregoing  considerations,  and  on  grounds  to  be  explained  in 
the  sequel,  when  the  palatine  arch,  or  hssmal  arch  of  the  pre-sphenoidal 
sclerotome  comes  to  be  examined,  I  recognise  in  the  Crocodilian  vomer  of 
Curler  and  Owen  the  proximal  or  upper  element  of  the  pre -sphenoidal 
hsemal  aroh — ^the  same  element  to  which,  when  existing  in  certain  Fishes, 
Professor  Owen  applies  the  sufficiently  expressive  term  ento-ptery- 
goid. 

It  will  now  be  observed,  that  in  consequence  of  the  great  development 
of  the  pterygoids,  and  of  the  ento-pterygoids  in  the  Crocodilian,  the 
latter  extending  forward  into  the  neural  space  of  the  ethmoidal  sclerotome 
roof  over  the  greater  part,  and  provide  a  septum  for  nearly  the  whole 
of  that  extent  of  the  nasal  fossss,  the  sides  and  floors  of  which  are  formed 
by  the  so-called  **  palatals"  or  ethmoidal  neurapophyses,  and  abut  against 
the  descending  processes  of  the  ''prefrontals"  or  ethmoido-frontals, 
without  entirely  extruding  the  neurapophyses  from  these  processes,  as  in 
the  Chelonian.  There  is  another  minor  difference  between  these  parts 
in  the  Crocodilian  and  Chelonian.  In  the  Chelonian,  as  has  been  already 
stated,  the  onto -pterygoids  having  pushed  the  ethmoidal  neurapophyses 
from  their  natural  connection  with  the  descending  processes  of  the  eth- 
moido-frontals,  complete,  by  means  of  their  ascending  divergent  processes, 
the  triangular  space  for  the  olfactory  nerves.  In  the  Crocodilian,  again, 
the  descending  processes  of  the  ethmoido-frontals  complete  the  space  for 
the  olfactory  nerves,  by  means  of  a  short  process  from  each  of  them, 
which,  passing  inwards,  meets  its  fellow  of  the  opposite  side  a  little  above 
the  junctions  of  the  descending  processes  themselves  with  the  entoptery- 
golds.  The  space  leilb  between  this  transverse  commissure  above,  the 
combined  ento -pterygoids  below,  and  the  lower  ends  of  the  descending 
ethmoido-frontal  processes  laterally,  is  occupied  by  a  prolongation  for- 
wards of  the  cartilaginous  bar-like  pre  sphenoidal  centrum. 

If  the  bones  hitherto  considered  by  comparative  anatomists  as  the 
"  palatines*'  in  the  Crocodilian,  are  in  reality  the  neurapophyses  of  its 
ethmoidal  sclerotome,  the  question  arises — Where  are  the  actual  palate 
bones  ?  This  question  comes  to  be  examined  in  the  sequel,  when  the 
hssmal  arch  of  the  pre-sphenoidal  sclerotome,  of  which  these  bones  are 
elements,  is  under  consideration.  At  present  I  may  state  that  the  study 
of  the  crania  of  the  Bird,  Lacertian,  and  Ophidian,  has  led  me  to  recognise 
as  the  palate  bone  that  bone  which  Cuvier  was  induced  to  consider 
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peculiar  to  the  Lizard  and  Serpent,  and  named  "os  transyene"  or 
'*  pteiygoide  exteme";  and  whicli  Professor  Owen  also  names  eeto-pteiy- 
goid. 

The  EthmaidcU  NewroU  Arch  cmd  Cenirwn  vt^  the  Ixicertiane, — ^The 
maxillaries  of  the  typical  Lacertians  are  inTariably  connected  above  to 
the  so-called  pre-frontals.  These  pre-frontals  are  widely  separated  from 
one  another  by  the  anterior  extremities  of  the  so-called  *'  principal 
frontals,"  whion  pass  forward,  and  bound  laterally  the  divided  or  undi- 
vided nasals.  The  pre-frontals  bound  the  anterior  superior  angles  of  the 
orbits,  sending  downwards  on  each  side  a  plate  which  separates  the 
orbit  &om  the  nasal  cavity,  is  more  or  less  intimately  connected  with  the 
so-called  **  double  vomer/'  and  with  the  so-called  **  palatines."  I  shall, 
in  the  sequel,  state  the  grounds  on  which  I  hold  the  "  palatines"  of  the 
Lizard,  Ophidian,  and  Amphibian,  to  be  its  ento-pterygoids,  and  to  be  the 
homologues  of  the  bone  or  bones  which  in  the  Bird  are  considered  as  the 
**  vomer."  I  believe  the  '*  transverse  bones"  of  the  Lizard  to  be  actually 
its  palate  bones,  pushed  backwards  and  outwards  by  the  greatly  developed 
ento-pterygoids,  and  of  its  so-called  "  vomer."  The  so-called  "  vomer^' 
of  the  Lizard  consists  of  two  bones,  which  form  the  floor  of  the  nostrils, 
separated  from,  but  at  the  same  time  connected  to,  one  another  by  the 
lower  mamn  of  the  cartilaginous  nasal  septum,  abutting  against  the 
intermazil&ries  in  front,  and  the  so-called  "  palatines"  or  ento-pterygoids 
behind,  and  leaving  a  space  on  each  side,  wider  behind  than  before, 
between  their  outer  margms  and  the  maxillaries,  for  the  posterior  nares. 
In  some  Lizards  the  posterior  extremities  of  the  two  halves  of  the 
«  vomer"  are  separated  from  the  transverse  descending  plates  of  the 
**  pre-frontals"  by  the  interposition  of  the  anterior  extremities  of  the  ento- 
pterygoids,  but  in  others  they  articulate  with  the  pre-fronto-lachrymaL 
Anatomists  appear  to  have  been  induced  to  look  upon  these  two  bones  in 
the  Lizard  as  the  two  halves  of  the  vomer,  by  the  same  circumstance 
which  has  induced  them  to  consider  the  ento-ptexygoids  of  the  Bird  as  its 
vomer,  viz., — ^their  position  between  the  posterior  nares.  Bat  the  gene- 
ral relations  of  the  so-called  double  *'  vomer"  of  the  Lizard,  indicate  that 
its  two  halves  are  homologous  with  the  ethmoidal  palate-plates  of  the 
Ohelonian,  with  the  so-called  *'  palatines"  or  etiimoidal  neurapophyses  of 
the  Crocodilian,  with  the  corresponding  cartilaginous  or  osseous  pieces  in 
the  Bird,  and  with  the  lateral  masses  of  the  ethmoid  in  the  Mammal.  It 
appears  to  me  that  the  ethmoidal  neural  arch  and  centrum  form  a  cata* 
centric  arrangement,  the  two  compartments  of  which  constitute  the 
greater  part  of  the  nasal  fossss,  the  olfactory  nerves  entering  through  the 
mesially  divided  space  between  the  descending  or  orbito-nasal  processes 
of  the  meta-neurapophyses ;  and  the  posterior  nares  passing  on  on  the 
outer  sides,  and  between  the  neurapophyses  and  the  maxillaries. 

The  Ethmoidal  Neural  Arch  and  Centrum  in  Ophidians, — The 
maxillaries  of  the  Serpent  are  articulated  or  connected  to  the  '*  pre- 
frontals." The  latter  are  separated  from  one  another  mesially  by  the 
elongation  of  the  nasals  back  to  the  **  principal  frontals."  Each  of  the 
"  pre  frontals,"  comparatively  large,  and  anchylosed  to  the  lachrymal, 
sends  down  a  transverse  orbito-nasal  plate,  notehed  on  its  inner  margin 
for  the  olfactory  nerve,  but  separated  from  its  fellow  of  the  opposite  side 
by  the  pre-sphenoidal  processes  of  attachment  of  the  "  palatmes."  The 
space  roofed  over  by  the  nasals  and  **  pre-frontals''  is  mesially  divided 
above  by  the  contiguous  mesial  descending  laminss  of  the  nasals',  and 
below  by  the  cartilaginous  nasal  septum.  It  is  floored  by  the  double 
'*  vomer,"  the  two  h^ves  of  which,  connected  by  the  lower  margin  of  the 
cartilaginous  septum,  extend  firom  the  intermaxillaries  in  front  to  the 
centrum  of  the  pre- sphenoidal  sclerotome  behind,  being  separated  from 
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the  orbito-nasal  processes  of  the  **  pTe-ftontals"  by  the  pie-sphenoidal 
processes  of  the  "  pahitines." 

From  what  has  already  been  stated  with  reference  to  the  corresponding 
parts  in  the  Bird,  the  C^elonian,  and  Saurian  Reptile,  it  will  now  be 
seen  that  I  hold  the  so-called  "  pre-firontals"  of  the  Serpent  to  be  its 
actual  firontals  or  ethmoido-frontab ;  its  so-called  double  **  Yomer"  to 
consist  of  the  right  and  left  neurapophyses,  as  the  **  pre-frontals"  are  the 
two  halves  of  the  meta-neurapophjses ;  and  the  cartilaginous  nasal  sep- 
tum the  centrum  of  its  ethmoidal  sclerotome. 

The  Ethmoidal  Neu/rcU  Arch  and  Centrum  in  the  Amphibiam. — ^The 
yiew  which  I  take  of  these  parts  in  the  Amphibia  will  at  once  appear 
from  the  foregoing  statements,  and  may  be  illustrated  by  the  structure  in 
the  Frog.  As  in  the  Bird,  the  basis  of  the  ethmoidal  neural  arch  and 
centrum  consists  of  that  portion  of  the  persistent  primordial  cranium 
which  is  situated  behind  the  intermaxillary  region,  and  immediately  in 
front  of  the  "  os  a  ceinture."  The  mesial  portion  of  this  mass  of  cartilage 
forms  tiie  centrum  of  the  sclerotome,  as  the  posterior  part  of  the  nasal 
septum.  The  posterior  portions  of  the  nasal  fosssd  are  hollowed  out  on 
its  sides.  Its  upper  surface  is  coyered  by  t^e  so-called  '*  pre-frontals," 
which  are,  in  fact,  ethmoidal-frontals,  or  the  two  halyes  of  the  divided 
meta^neurapophysiB.  Its  lower  surface  is  supported  by  the  two  triangular 
bones,  coYOTed  with  teeth,  and  which  are  the  neurapophyseal  ethmoidal 
elements,  already  examined  in  the  other  Vertebrata.  'I  he  posterior  nares 
are  situated  behind,  between  the  outer  margins  of  these  so-c^ed  yomerine 
bones  and  the  maxUlaries.  The  latter  are,  as  usual,  connected  to  the 
ethmoido-firontals. 

Of  the  views  which  have  been  hitherto  taken  of  the  Ethmoidal,  or  Nasal 
Vertdyra,  or  Sclerotome,'-^!  am  precluded  in  an  abstract  firom  entering 
upon  the  important  but  tangled  morphological  history  of  the  nasal  seg- 
ment of  the  cranium.  I  shall  only,  therefore,  on  this  department  of  the 
subject,  make  a  few  obseryations,  in  deference  to  the  authority  of  Professor 
Owen,  and  in  explanation  of  those  points  on  which  I  find  myself  at  vari- 
ance with  his  doctrine.  I  have  already  so  far  stated,  and  in  the  sequel 
shall  more  fully  state,  the  grounds  on  which  I  dissent  fit>m  the  doctrine  of 
Oken  and  Bojanus,  adopted  by  Professor  Owen,  that  the  nasals  and 
vomer  are  respectively  the  neural  spine  and  body  of  the  nasal  vertebra. 
What  I  intend  more  particularly  to  notice  at  present  is  that  part  of  Pro- 
fessor Owen's  doctrine  which  relates  to  the  neurapophyseal  elements  of 
the  nasal  vertebra. 

Professor  Owen  considers  the  middle  plate  of  the  Mammalian  ethmoid  to 
be  the  coalesced  pre-irontals,  and  the  two  halves  of  the  crebriform  plate, 
the  ethmoidal  cellules,  and  turbinated  lamineej  to  be  collectiveW  the  greatly 
developed  olfactory  capsules.  If  the  latter  are  kept  out  of^view,  as  not 
entering,  according  to  nis  doctrine,  into  the  formation  of  the  ethmoidal  or 
nasal  neural  arch,  the  doctrine  necessitates  the  conversion  of  the  laterally. 

ijlaced  *'  pre-frontals  "  of  the  Fish  and  Reptile  into  a  single  mesial 
Mninar  bone.  Here  I  would  observe  that,  overlooking,  for  the  present, 
the  adoption  by  Professor  Owen  of  the  current  statements  as  to  the 
identity  of  the  "pre-frontals"  of  the  Fish  with  the  **pre-fit)ntals"  of 
the  Reptile,  I  cannot  conceive  how  the  **pre-frontals,*'  either  of  the 
Fish  or  Reptile,  can  be  homologous  with  a  mesial  bone.  Embryologi- 
eallr,  I  cannot  understand  how  the  olfactory  nerves,  which  in  the  Fish  and 
Keptiles  are  situated  mesiad  of  the  ''  pre-frontals,"  can  become  placed 
in  the  Mammal  on  their  outer  as3>ects.  The  pair  of  "  pre-frontals  "  in  the 
Crocodile  or  Turtle  can  be  legitimately  enough  conceived  as  coalescing 
mesially  into  a  single  bone ;  but  this  change  presupposes  the  withdrawal 
or  obliteration  of  the  olfactory  nerves ;  for,  otherwise,  twa  conditions 
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must  be  admitted,  both  of  which  are  embrjologically  untenable — ^firstt 
that  the  olfactory  lobes  of  the  Mammal  are  at  one  period  in  its  develop- 
ment  mesiad  to  the  right  and  left  halves  of  its  central  ethmoidal  plate  ; 
and  secondly,  that  the  nervous  and  sclerous  structures  change  places, 
the  former  passing  outwards  through  the  latter,  or  the  latter  meeting 
in  front  of  the  former,  and  passing  backwards  between  them.  But 
the  actual  facts  are  these : — The  mesial  plate,  or  bar,  of  the  Mam- 
malian ethmoid  is  mesial  from  the  first;  and  the  olfactory  bulbs,  or 
nerves,  are  situated  from  the  first  on  its  lateral  aspects.  The  mesial 
plate  is  the  prolongation  forward  of  the  central  bar  of  the  primordial 
cranium;  it  is  a  true  vertebral  centrum,  and  is  continued  onwards 
and  downwards  into  the  vomerine  portion  of  the  cranial  axis.  The 
ercbritbrm  lamellae  are  the  only  parts,  therefore,  of  the  Mammalian 
ethmoid  which  present  in  their  embryo  and  adult  conditions  all  the 
characters  of  neurapophyseal  elements ;  connected  below  with  their  cen- 
trum, and  laterally  or  above  with  their  frontal  meta-neurapophyses,  they, 
along  with  the  latter,  and  the  centrum,  close  in  the  forepart  ot  the  ence- 
phalic portion  of  the  cranial  cavity,  and  enclose  the  olfac^ry  lobes  of  the 
brain.  That  the  olfactory,  like  the  fifth  nerve  of  the  Mammal,  leaves  the 
encephalic  cavity  by  more  than  one  orifice,  and  that  the  olfactory  "  sense 
capsules"  are  united  to  the  corresponding  neurapophyses,  are  circumstances 
which  afford  no  arguments  against  this  determination,  but,  on  the  con- 
trary, are  in  accordance  with  the  imion  of  the  auditory  capsules  with  their 
corresponding  neurapophyses,  and  the  exit  of  the  auditory  nerve  from  the 
encephalic  cavity  in  divisions.  It  must  also  be  observed,  that  if  we  are 
to  look,  with  Professor  Owen,  upon  the  central  lamina  or  bar  of  the 
Mammalian  ethmoid  as  the  result  of  the  mesial  union  of  a  pair  of  "  pre- 
firontals,"  we  must  assign  a  morphological  reason  for  the  oo-existenoe 
of  a  mesial  cartilaginous  septum  with  divided  ''pre-frontals"  of  the 
Reptile  and  Fish. 

I  am  also  obliged  to  dissent  from  Professor  Owen's  determination  of  the 
so-called  "  ethmoid"  of  the  Bird  as  the  mesially-united  neurapophyses  of 
its  nasal  vertebra.  Apparently  influenced  by  its  usual  designation ,  and  shut 
up  to  his  own  view  of  its  homology  by  his  determination  of  the  "  basi-sphe- 
noid  "  as  consisting  of  the  connate  centrums  of  the  **  mesencephalic  "  and 
'*  prosencephalic  "  vertebras ,  Mr  Owen  has  in  the  Bird,  as  in  the  Mammal, 
arranged  this  portion  of  his  morphological  system  in  opposition  to  embryo- 
logical  facts.  The  two  olfactory  nerves  of  the  Bird  pass  tor  ward  on  each  side 
of  the  so  caUed  '*  ethmoid  "  in  shallow  grooves  ;  iu  certain  instances  only  do 
they  pass  through  notches  or  complete  orifices  formed  by  osseous  develop- 
ment from  the  two  surfaces  of  the  bone.  The  two  nerves  in  no  instance 
pass  forwards  between  the  plates  of  the  bone  in  any  part  of  their  extent. 
At  no  period  during  development  are  tlie  olfactory  nerves  of  the  Bird  si- 
tuated mesiad  of  any  part  of  this  bone  ;  for  it  is  originally  a  mesial 
cartilaginous  plate,  a  portion  of  the  axis  of  the  primordial  cranium, 
extending  forwards  and  upwards  from  that  part  of  the  primordial  axis 
which,  when  ossified,  constitutes  the  anterior  or  acuminated  extremity  of  the 
centrum  of  the  post- sphenoidal  sclerotome.  In  the  sequel,  I  shall  have 
to  point  out  that  this  bone  in  the  Bird,  which  anatomists  have  hitherto 
looxed  upon  as  the  '*  ethmoid,''  is,  in  fact,  the  body  or  centrum  of  the 
pre-sphenoidal  sclerotome  converted  into  a  mesial  plate  extending  up  to, 
and  nattened  out  at  the  upper  surface  of  the  cranium,  in  accordance  with 
the  catacentric  character  of  the  neural  arch  of  the  scleretome,  of  which  it  is 
an  element.  Its  correspondingneurapophyses  are  the  pre-sphenoidal  wings, 
•^;he  "orbito-sphenoids"  of  Professor  Owen, — which  not  only  bound  late- 
rally the  orifices  for  the  optic,  but  also  those  for  the  olfactory  nerves.  The 
so-called  "ethmoid"  of  tho  Bird  is  not  therefore  formed  by  the  coalescence 
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of  a  pair  of  "  pie-frontals/'  but  is  a  mesial  element  belonging  to  another 
sclerotome.  The  Bird  already  possesses  distinct  or  ''divided"  '"pre- 
frontals," with  all  the  characters  of  the  "  pre-frontals  '*  of  the  Reptile  in 
its  so-called  '*  nasals." 

Dag^s  considered  the  "  os  en  ceinture"  of  the  Frog  to  be  the  ethmoid, 
from  its  giving  passage  to  the  olfactory  nerves  by  two  funnel-shaped  ori- 
fices at  its  anterior  extremity,  and  from  its  intimate  connection  with  the 
nasal  cartilage  in  front.  Professor  Owen,  on  the  same  grounds,  while  he 
holds  the  posterior  part  of  this  bone  in  the  Rana  hoans  to  consist  of  the 
'*  orbito-sphenoids,"  looks  upon  its  anterior  part  as  the  confiuent  '*  pre- 
frontals." Bat  as  the  "  os  en  ceintore"  of  the  common  Frog  originates  in 
a  centre  of  ossification  on  each  side  of  its  fundamental  portion  of  the 
primordial  cranium ;  and  as  Professor  Owen  does  not  state  the  grounds  on 
which  he  holds  the  **  orbito-sphenoids"  to  be  confluent  with  it  m  the  Bull 
Frog ;  as  1  can  find  no  trace  of  such  confluence,  either  in  the  Bull  Frog  or 
common  Frog ;  and  as  the  forepart  of  the  bone  is  divided  by  a  mesial 
septum, — ^I  look  upon  it  as  consisting  of  a  single  pair  of  neurapophyses 
and  a  catacentric  septum.  As  this  **08  en  ceinture"  is  situated  upon 
the  upper  surface  of  the  anterior  acuminated  portion  of  the  centrum  of 
the  post-sphenoid,  as  in  the  Bird ;  and  as  it  is  covered  above,  and,  in  the 
common  Frog,  is  united  with  the  anterior  portion  of  the  so-called  ''  pa* 
rieto-frontal,"  it  appears  to  roe  to  constitute  the  neural  arch  and  centrum 
of  the  pre-spkenoidal  sclerotome,  of  which  the  orbito-sphenoids  are  the 
neurapophyses.  The  proper  "  os  en  ceinture"  of  Cuvier  is  in  fact  the 
homologous  structure  in  the  anourous  Batrachian  with  the  so-called  **  eth- 
moid," and  the  orbito-sphenoids  collectively  in  the  Bird ;  the  centrum 
being  principally  developed  in  the  latter,  the  neurapophyseal  elements  in 
the  former.  On  these  grounds,  and  also  because  I  hold,  with  Cuvier,  the 
"  nasals"  of  the  Frog  to  be  its  '*  pre-frontals,"  I  cannot  assent  to  Pix>fessor 
Owen's  doctrine,  that  the  '*  os  en  ceinture"  exhibits  a  stage  in  the  mesial 
coalescence  of  a  pair  of  *  *■  pre-frontals,"  the  final  effect  of  which  is  the  forma- 
tion of  a  mesial  ethmoidal  plate,  or  mesially  united  nasal  neurapophyses. 

On  the  AcHnapophyses  of  the  Ethmoidal  Sclerotome, — As  the  radiating 
elements  of  the  ethmoidal  segment  of  the  skull  are  numerous  and  impor- 
tant ;  and  as  their  elucidation  requires  a  more  extended  reference  to  cor* 
responding  elements  In  the  succeeding  sclerotomes  than  can  be  made  be- 
fore the  examination  of  these  has  been  entered  upon,  I  shall  at  present 
make  only  a  general  statement  on  the  subject. 

In  the  Mammal  we  find  a  series  of  sclerous  elements  arranged  from 
above  downwards  on  each  side  of  the  ethmoidal  sclerotome.  On  its  upper 
or  neural  portion  are  the  olfactory  '*  capsule"  and  the  lachrymal  bone. 
On  the  lower  or  hsemal  portion  the  cartilages  of  the  eyelids,  with  the  infe- 
rior turbinated  and  malar  bones.  If  the  secondary  antero-posterior  elon- 
gation of  the  maxillary  be  kept  out  of  view ;  and  if  it  be  conceived  in  its 
fundamental  developmentary  form  as  a  rib-like  bone,  the  convexity  of 
which  is  inclined  outwards  and  backwards  ;  and  if,  at  the  same  time,  the 
possibility  of  a  double  arrangement  of  actinapophyseal  elements  in  each 
sclerotome  be  borne  in  view,  it  will  be  seen  that  the  malar  extends  outwards 
and  backwards  from  the  anterior  or  outer ;  the  inferior  turbinal  from  the 
posterior  or  in  ner  aspect  of  the  bone .  I  h  a ve  already  stated  that  the  actino- 
pophyseal  elements  of  the  cranium  are  generally  flattened  or  extended  so  as 
to  abut  against  one  another,  and  against  the  other  bones  of  the  skull. 
Thus  the  malar  passes  backwards  in  the  fibrous  membrane  which  extends 
across  the  orbital  opening,  and  which  covers  in  the  temporal  fossa.  The 
final  purpose  of  the  malar  is  to  afford  an  abutment  against  the  squamosal 
so  as  to  strengthen  the  flank  of  the  Mammalian  head.  The  malar,  there- 
fore, in  many  instances  sends  secondary  processes  upwards  and  inwards, 
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to  abut  against  other  bones.  While  I  gladly  avail  myself  of  Professor 
Owen's  term  *'  squamosal/'  and  fully  agree  with  him  as  to  the  bone  it- 
self being  a  "  radiating"  element  of  the  craninm ;  and  whOe  I  more  par- 
ticularly assent  to  his  yery  beautiful  determination  of  it  as  the  **  quatirate 
jugal "  of  the  Bird,  I  must,  nevertheless,  contend  for  the  much  greater 
probability  of  its  beine  a  radiating  element  of  the  mandibular  than  of 
the  maxillary  arch,  its  intimate  connection  with  the  quadrate  bone  in 
the  development  of  the  chick,  and  the  disunion  of  it  and  the  malar  in 
certain  Mammalia,  appear  to  me  to  indicate  that  they  belong  to  distinct 
sclerotomes. 

The  extended  attachment  from  above  downwards  of  the  inferior  tur- 
binal  to  the  inner  aspect  of  the  maxillary  of  the  foetal  Ruminant,  a  form 
of  attachment  which  is  repeated  in  the  lachrymal  process  of  the  bone  in 
the  human  subject,  indicate  the  primary  actinapophyseal  form  of  the  bone. 
Its  elongation  backwards  on  the  inner  aspect  of  the  palate  bone,  and  its 
prolongation  forward  to  abut  against  the  cartilaginous  actinapophysis  of 
the  vomerine  hsemal  arch,  are  secondary  processes  in  the  development  of 
the  bone,  and  steps  towards  the  completion  of  that  antero-posterior  system 
of  serially  homologous  actinapophyses  which  constitute  what  may  be 
termed  the  inferior  turbinal  system.  The  inferior  concha  is  peculiar  to 
the  nasal  fossa  of  the  Mammal.  The  sclerous  elements,  which  constitute 
its  skeleton  in  its  most  fully  developed  form,  are  posterior  or  inner  ac- 
tinapophyses of  the  rhinal,  vomerine,  and  ethmoidal  haemal  arches.  These 
actinapophyses  become  included  in  the  nasal  fossa  by  the  closure  of  the 
metasomatomic  clefts;  and,  as  they  subsequently  elongate,  they  abut 
against  one  another  in  the  antero-posterior  direction, 

I  shall,  in  the  sequel,  show  that  the  more  or  less  defined  space  termed 
orbit,  at  the  side  of  the  Mammalian  cranium,  is  fundamentally  the  meta- 
somatomic figure  between  the  ethmoidal  and  pre-sphenoidal  sclerotomes. 
The  upper  part  of  this  fissure  continues  permanenUy  open  as  the  lachry. 
mal  canal,  and  drains  away  the  secretion  which  bathes  the  front  of  the 
eyeball,  while  that  organ,  supported  by  the  sclerotic,  which  is  a  pre- 
sphenoidal  neuractinapophysis,  and  surrounded  by  its  accessory  sbruc- 
tures,  is  lodged  in  its  dilated  portion.  From  the  upper,  anterior,  and 
lower  orbital  mar^s,  which  are  formed  by  elements  of  the  anterior  of  its 
two  bounding  primary  sclerotomes,  a  fibrous  membrane  extends  back- 
wards, covered  externally  by  the  orbicular  muscle,  and  closing  in  the 
contents  of  the  orbit,  with  the  exception  of  the  front  of  the  eye,  exposed 
through  the  palpebral  fissure.  This  fibrous  membrane  is  a  metasomatomic 
or  actmal  lamina,  extending  very  obliquely  outwards  and  backwards,  like 
an  operculum  over  the  orbit.  The  succeeding  metasomatomic  membrane 
assumes  the  form  of  the  tissue  which  separates  the  orbit  from  the  tem- 
poral fossa,  and  which,  passing  backwards  external  to  that  fossa,  forms 
the  temporal  fascia,  which  constitutes  an  operculum  to  that  space.  The 
temporal  fossa  itself  is  the  upper  portion  of  the  metasomatomic  fissure, 
between  the  pre- and  post -sphenoidal  sclerotomes ;  occupied  by  the  muscles 
of  mastication  and  the  homologous  nerve ;  the  lower  part  of  the  fissure 
on  each  side  remaining  permanently  open  as  the  mouth,  or  more  correctly 
as  the  anterior  opening  of  the  isthmus  of  the  fauces.  By  the  extension 
of  ossification  from  neighbouring  bones  into  the  anterior  and  external 
portion  of  this  fibrous  layer,  the  orbit  may  be  more  or  less  shut  off  from 
the  temporal  fossa. 

The  cartilaginous  lamince  which  support  the  eyelids  of  the  Mammal 
are  developed  in  the  fibrous  layer  which  constitutes  the  operculum  of  the 
orbit,  and  lie  in  the  same  morphological  plane  as  the  malar  and  lachrymal 
bones.  Their  histological  as  well  as  morphological  relations  appear  to 
me  to  indicate,  not  only  that  the  palpebral  cartilages  are  actinal  elements 
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of  the  endo-solerome,  but  also  that  they  are  anterior  or  external  hcem- 
actinapophjses  of  the  ethmoidal  sclerotome.  This  view  of  the  morpho- 
logical relations  of  the  malar  bone,  palpebral  cartilages,  and  opercular 
membrane  of  the  orbit  in  the  Mammal,  is  borne  out  by  the  corresponding 
arrangement  in  the  Bird.  A  fibrous  membrane  extends  backwards  oyer 
the  orbit,  from  the  posterior  extremity  of  the  feebly  developed  maxillary, 
and  from  the  posterior  margin  of  the  descending  process  of  the  ethmoido- 
frontal.  In  the  lower  part  of  this  membrane  the  malar  is  imbedded ; 
across  its  centre  the  palpebral  cartilage;  and  at  the  antero-supe- 
rior  angle  of  the  orbit,  the  lachrymal  bone.  These  have  all  dis- 
tinct actinapophyseal  characters,  which,  in  the  case  of  the  lachrymal, 
enables  us  to  perceiye  more  clearly  how  the  Mammalian  lachrymal,  having 
become  intercalated  between  its  corresponding  hsBmapophysis  and  neura- 
pophysis,  retains  only  so  much  of  its  actinapophyseal  character  as  is 
indicated  in  the  anterior  margin  of  its  groove,  the  remainder  of  the  bone 
being  a  secondary  expansion. 

The  lachrymal  bone  of  the  Bird  may  extend  into  the  orbital  membrane 
along  the  outer  margin  of  the  so-called  **  principal  frontal,"  or  sphenoido- 
frontal,  and  become  attached  to  that  bone  without  losing  its  connection 
with  the  ethmoido-firontal.  It  may  thus  also  form  a  union  with  the  supra- 
orbital bone,  when  that  bone  is  present,  as  in  the  Hawks.  The  lachrymal 
may,  moreover,  extend  backwaids  under  the  eye  to  the  post-frontal  process, 
and  may  have  a  branch  of  communication  with  the  antero>inferior  projection 
of  the  mastoid,  as  in  certain  Parrots.  It  may  also  extend  down  to  the  malar, 
and  may  be  connected  in  this  direction  with  the  transverse  projection 
of  the  so-called  **  ethmoid,"  or  presphenoidal  centrum.  The  infra-ocular 
bony  arch  in  the  Maecaws  and  cei^in  other  Birds  is  not  a  zygomatic 
arch,  although  consisting  like  it  of  actinapophyseal  elements.  The  pro- 
per zygomatic  arch,  as  consisting  of  the  malar  and  squamosal,  exists  in 
all  Birds  ;  the  infira-ocular  arch  is  ossified  in  comparatively  few. 

The  reference  of  the  lachrymal  and  the  other  bony  formations  round 
the  orbit  in  Birds  to  a  mueo-dennal  system  by  the  continental  anatomists 
and  by  Professor  Owen,  appears  to  me  to  be  disproved  by  their  relation  to 
the  soft  parts.  They  are  all  developed  in  aponeurotic  bands,  which  enter 
into  the  formation  of  the  orbital  fascia  already  alluded  to.  In  a  band  ex- 
tending along  the  margin  of  the  sphenoido-frontal,  the  supra-orbital  bone 
takes  its  rise,  which  may  thus  become  connected  with  the  lachrymal, 
when  that  bone,  which  is  developed  in  the  anterior  extremity  of  the  band, 
extends  backwards  in  it.  A  second  band  extends  downwards  and  back- 
wards from  the  lachrymal  to  the  malar,  forming  a  ligament  between  the 
two  bones,  and  along  which  ossification  may  extend.  A  third  band 
extends  from  the  post-firontal  process  downwards  and  forwards  to  the 
quadrate-jugal  or  squamosal,  along  which  ossification  may  extend  from 
above.  In  all  birds  a  band  connects  the  lachrymo-malor  with  the  post- 
fronto-squamosal  band,  thus  forming  an  arch  below  the  under  eyelid. 
The  extension  of  ossification  into  this  commissural  band,  probably  from 
both  extremities,  completes  the  infira-orbital  bony  arch,  and  may  ap- 
proximate or  unite  it  to  tiie  squamoso-jugal  or  proper  zygomatic  arch. 
A  fibrous  band,  which  extends  downwards  and  forwuds'in  the  temporal 
fascia  from  the  anterior  process  of  the  mastoid,  becomes  ossified  in  some 
Cirds  ;  and  it  is  an  extension  of  this  ossification  which  appears  to  form 
tlie  mastoidal  limb,  or  attachment  of  the  infiu-ocular  arch  of  the  Maccaw. 
X  shall,  in  the  sequel,  state  the  grounds  on  which  I  regard  as  actinapophy- 
seal all  the  bones  developed  in  the  opercular  membrane  of  the  orbital  of 
the  Bird.  I  regard  the  lachrymal  bone  and  the  supra- orbital  bone  or 
bones  of  the  Saurians,  as  referable  to  the  same  morphological  category  ; 
and  as  due  to  arrangements  in  the  fibrous  operculum  of  the  orbit,  similar 
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to  those  in  the  Bird ;  as  also  the  connection  between  the  malar  and  the 
poBt-fh>ntal  of  the  Crocodilian »  as  well  as  the  change  in  the  direction 
of  the  jugal,  and  the  peculiar  position  of  the  sqoamosal  in  the  typical 
Lizards. 

The  suprarorbital  bone  or  cartilage,  with  the  infra-ocular  bonj  arch, 
appear  in  various  forms  in  the  osseous  Fish ;  and  the  arrangements  pre- 
sented bj  this  form  of  cranium  clearly  indicate  that  these  orbital  bones  are 
parts  of  a  system  of  aotinapophyseal  elements  referable  respectively  to 
the  ethmoidal,  pre-  and  post-spnenoidal,  temporal,  and  occipital  sclero- 
tomes, peculiarly  modifiea  and  connected  in  front  for  the  protection  of  the 
orbit,  and  behind  for  the  suspension  of  the  pectoral  girdle. 

The  Pas-SpHBNOiDAL  Sclb&otome. — Its  Centrum  a/nd  Neural  Areh,^^ 
It  has  been  already  stated  that  this  sclerotome  is  peculiar  in  the  Mammal, 
in  the  absence  of  its  meta^neurapophyses,  while  this  mesial  element  is 
more  or  less  fully  and  largely  developed  in  the  other  forms  of  vertebrata. 
When  the  cerebrum  proper  is  developed,  the  sphenoido-frontal  bone  is 
absent ;  when  the  cerebrum  proper  is  a  mere  film,  as  in  Birds  and  Rep- 
tiles, or  is  absent  altogether,  the  sphenoido-frontal  is  present.  As  the 
evidence  on  which  this  statement  is  based  is  derived  from  the  considera- 
tion of  the  varied  relations  of  all  the  primary  elements  in  the  different 
forms  of  cranium,  I  am  compelled,  in  this  preliminary  abstract,  to  refer 
those  who  are  desirous  of  weighing  that  evidence  to  what  has  been 
already  adduced  with  regard  to  the  ethmoido-frontals,  and  to  the  state- 
ments to  be  afterwards  made  in  regard  to  the  meta-neurapophyses  of  the 
post-sphenoidal  and  temporal  sclerotomes.  In  the  meantime,  I  shall  con- 
fine myself  to  a  general  exposition  of  the  arrangement  as  I  regard  it. 

The  anterior  part  of  the  body  of  the  himian  sphenoid,  and  the  corres- 
ponding pre-sphenoidal  piece  in  the  Mammalia  generally,  constitutes  an 
undoubted  centrum,  to  which  the  lesser,  anterior,  or  orbito-sphenoidal 
wings,  are  the  corresponding  neurapophyses. 

How  far  we  may  be  entitled  to  assume  the  frequent  **  triquetral"  bones 
in  the  coronal  suture  in  the  human,  and  in  certain  other  Mammalian 
crania,  and  the  separately  developed  antlers  of  the  giraffe,  as  indications 
of  the  missing  bone,  remains  to  be  determined.  I  would  only  observe  at 
present,  that  the  great  extent  and  permanency  of  the  anterior  ibntaneUe 
appear  to  be  connected  with  the  deficiency  in  question. 

1  have  already  stated  that  I  regard  the  so-called  "principal  frontal"  of 
the  Bird  as  the  missing  frontal  of  the  Mammal.  Distinguishing  it  as 
sphenoido-frontal,  it  is  the  divided  meta-neurapophysis  corresponding  to 
the  feebly  developed  ''  orbito-sphenoids,"  whidi,  bounding  the  optic  and 
ol£ictory  orifices,  constitute  the  neurapophyses,  and  to  the  so-called 
"  ethmoid"  as  the  centrum  of  the  pre-sphenoidal  sclerotome.  Assuming 
for  the  present  the  signification  I  have  attached  to  the  *'  principal  fron- 
tals,"  and  holding  the  neurapophyseal  character  of  the  orbito-sphenoids 
as  incontestable,  I  would  only  add  a  few  remarks  regarding  the  central 
element.  The  determination  of  the  "  ethmoid"  of  the  Birds  as  the  cen- 
trum of  the  pre-sphenoidal  segment  of  the  cranium,  while  it  does  not 
require  Professor  Owen's  hypothesis  of  connation  of  this  element  with 
the  centrum  behind,  presents  the  element  under  a  form  similar  to  that 
exhibited  by  the  ethmoidal  and  vomerine  centrums.  It  resembles  these 
in  being  an  ossified  portion  of  the  primordial  axis  of  the  cranium, 
in  being  flattened  into  a  horizontal  plate  at  its  upper  margin,  in 
extending  down  to  the  line  of  the  base  of  the  skull,  and  in  thus  pre- 
senting a  catacentric  relation  to  its  neural  arch.  The  passage  of  the 
anterior  acuminated  extremity  of  the  centrum  behind  beneath  the  lower 
margin  of  the  pre-sphenoidal  centrum,  so  as  to  support  it,  is  merely 
an  example  of  that  longitudinal  obliquity  in  the  setting  of  cranial  cen- 
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trams  against  one  another,  which  may  be  considered  as  the  rule  rather 
than  an  exception.  The  posterior  margin  of  the  bone  is  oblique  from 
belov  upwards  and  forwards;  gives  attachment  to  the  orbito-sphe- 
noids,  or  to  their  membranous  neurapoph/seal  substitutes,  which  bound 
or  give  passage  to  the  orbital  and  olfactory  nerves.  The  obliquity  of 
this  margin  of  the  bone  corresponds  with  the  similar  obliquity  of  the 
forepart  of  the  basis  of  the  brain  of  the  Bird,  a  remarkable  feature  in 
its  configuration.  The  flattened  upper  edge  of  the  bone  may  be  more  or 
less  exposed  on  the  upper  surface  oi  the  cranium ;  and  when  the  inter- 
mazillaries,  ethmoido  and  sphenoido-frontals  are  removed,  this  flattened 
margin  is  found  to  be  similar  to  and  continuous  with  the  flattened  upper 
margin  of  the  ethmoidal  and  vomerine  cartilaginous  septum.  The  ante- 
rior margin  may  be  nearly  perpendicular,  but  is  generally  oblique  from 
below  upwards  and  forwards,  concave  or  concavo-convex,  sharp,  and  gene- 
rally free,  being  connected  to  the  posterior  margin  of  the  ethmoidal  cartila- 
ginous septum  by  membrane,  thus  permitting  more  or  less  movement  of 
the  upper  mandible,  that  is  of  the  combined  eSimoidal  and  vomerine  scle- 
rotomes on  the  pre-sphenoidal. 

In  the  majority  of  Birds  a  laminar  process  projects  outwards  and  down- 
wards from  the  lower  and  forepart  of  this  bone.  This  process,  variously  de- 
veloped, forms,  along  with  the  descending  process  of  the  lachrymal,  the 
anterior  wall  of  the  orbit,  separating  it  from  the  nasal  space,  and  permit- 
ting the  passage  of  the  olfactory  nerve  through  a  notch  or  hole  in  its  upper 
edge.  I  regard  this  process  on  each  side  of  the  pre-sphenoidal  centrum  as 
of  the  same  nature  as  the  process  'which  will  be  found  projecting  from 
each  side  of  the  lower  part  of  the  ethmoidal  septum  or  centrum,  and 
which,  abutting  against  the  descending  process  of  the  ethmoido  frontal, 
forms  a  wall  or  rampart  across  the  floor  of  the  nasal  passage,  extending 
nearly  half  way  up  to  its  roof,  immediately  behind  the  external  nostril, 
thus  converting  that  part  of  the  nasal  chamber  in  front  of  it  into  a  vesti- 
bule. This  process  is  largely  developed  in  the  ossified  ethmoido- vomerino 
septum  of  the  Hawks  and  Owls. 

I  would  here  observe,  that  the  **  os  en  forme  de  cuiller"  of  Cuvier, 
which  he  considers  as  the  inferior  turbinal  of  the  Lizard,  and  which 
forms  the  forepart  of  the  floor  of  the  nostril  on  each  side,  and  the  convex 
anterior  part  of  which  stretches  like  a  buttress  across  the  cavity,  between 
the  septum  and  the  maxillary,  immediately  behind  the  external  nostril^ 
appears  to  me  to  be,  with  its  fellow  of  the  opposite  side,  merely  the  ossi- 
fied lower  portion  of  the  ethmoidal  centrum.  These  so-called  '*  cornets 
inferieurs"  of  the  Liziml  form  the  floor,  and  do  not,  therefore,  project 
from  the  outer  wall  of  the  nasal  passage  in  the  manner  of  the  inferior 
turbinals  ;  and  I  believe  anatomists  will,  in  reviewing  the  subject,  admit 
that  the  inferior  turbinal  accompanies  the  fully  completed  maxillary 
arch,  and  only  exists,  therefore,  in  the  Mammal. 

I  regard  these  lateral  processes  of  the  ethmoidal  and  pre-sphenoidal 
centrums  of  the  Bird  as  homologous  with  the  pterygoid  processes  of  the 
post'Sphenoidal  centrum,  and  generaUy  with  those  processes  which,  under 
various  forms,  project  downwards  firom  the  sides  of  the  lower  or  hsmal 
aspects  of  the  occipiUd  and  succeeding  centrums  in  certain  Fish,  or  with 
those  processes  termed  "  hypopophyses"  by  Professor  Owen. 

Before  dismissing  the  consideration  of  this  important  centrum  in  the 
Bird,  I  would  direct  attention  to  certain  interesting  modifications  which 
it  may  undergo.  In  the  first  place,  it  may,  like  many  other  bones  in 
the  craiiinm  of  the  Bird,  become  greatly  dilated  and  altered  in  form  by 
the  development  of  air-cells  in  its  mterior.  The  pneumatic  openings  are 
two  in  number,  one  on  each  side  of  the  anterior  margin  below  the  su- 
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perior  horizontal  plate.  The  pneumatio  excayation  and  dilatation  eztendfl 
backwards  more  or  less  in  certain  species ;  and  in  some  Owls  the  bone 
presents  the  form  of  a  cubical  celli^ar  mass.  This  peculiarity  of  form 
might  be  adduced  in  support  of  Professor  Owen's  doctrine  of  the  forma- 
tion of  this  bone  from  the  coalescence  of  the  pre-frontals ;  but  then  it 
will  be  observed  that  the  increased  breadth  of  the  bone  is  not  due  to 
incomplete  mesial  fusion  of  lateral  parts,  but  to  expansion  from  the 
mesial  plane,  for  the  olfactory  nerves  still  run  forwards  in  grooves  on  its 
lateral  aspects,  although  these  may  be  deep  in  front,  and,  posteriorly,  their 
margins  may  overlap  the  nerves.  The  expansion  of  the  pre-sphenoidal 
centrum  also  produces  a  remarkable  separation  of  the  optic  foramina. 
As  explanatory  of  this  effect,  I  would  observe,  that  the  development  of 
this  bone  in  the  Chick  shows  that  it  forms  the  posterior  border  of  the 
common  optic  foramen  by  means  of  a  pair  of  processes  which  project  from 
its  posterior  inferior  angle  like  the  limbs  of  tne  letter  Y.  When,  there- 
fore, the  bone  takes  on  transverse  dimension,  the  single  optio  chasm 
separates  into  two  optio  foramina,  which,  in  8tf%x  fiammea^  are  three- 
eighths  of  an  inch  asunder. 

The  separation  of  the  optic  foramina  from  the  pneumatic  expansion  of 
the  pre-sphenoidal  centrum  leads  me,  in  the  second  place,  to  observe,  that 
the  characteristic  separation  of  these  orifices  in  the  extinct  forms  Dido, 
Dinomis,  Palapteryx,  did  not  depend  entirely  on  pneumatic  expansion  of 
the  pre-sphenoidal  centrum,  nor  on  such  width  of  that  bone  as  might  be 
attributed  to  incomplete  mesial  fusion  of  a  pair  of  *'  pre-£rontals,''  but 
on  the  remarkable  prolongation  backwards  on  each  of  it«  sides  of  the 
neurapophyseal  walls  of  the  ethmoidal  olfactory  chambers. 

Professor  Owen,  in  his  series  of  ^aphic  and  valuable  memoirs  on 
these  three  extinct  forms,  and  in  his  memoirs  on  Apteryx,  assuming 
the  pre-frontal  doctrine  regarding  the  bone  in  question,  and  directing 
special  attention  to  the  more  or  less  complete  passage  backwards  of 
the  nasal  chambers  to  the  anterior  or  inferior  wall  of  the  cranial  cavity, 
and  to  the  passage  of  the  olfactory  nerves  into  these  by  a  number  of  orifices, 
apparently  recognises  in  Apteryx  for  instance  (although  he  does  not  direct- 
ly make  the  statement) ,  a  completed  Mammalian  ethmoid.  Now,  recalling 
attention  again  te  the  embryological  considerations  from  which  the  forma- 
tion of  neither  the  Mammalian  ethmoidal  septum,  nor  the  so-called  eth* 
moid  of  the  Ostrich,  Dinomis,  Dodo,  nor  Apteryx,  can  be  conceived  as  re- 
sulting from  coalesced  pre-frontals,  I  would  remark,  that  the  arrange- 
ment of  the  nasal  fossse  in  Apteryx,  instead  of  being  Mammalian,  presento 
the  peculiar  Ornithic  character  of  its  parts,  fully  brought  out ;  all  the 
phases  in  the  development  of  which  may  be  observed  in  the  series  of 
Birds.  In  all  Birds,  the  posterior  extremities  of  the  cartilaginous  pouch- 
like ethmoido-neural,  or  olfactory  chambers,  approach  or  encroach  upon 
the  sides  of  the  pre-sphenoidal  centrum ;  so  that  the  membrane  which  con- 
nects its  anterior  margin  te  the  cartilaginous  nasal  septum,  and  a  certain 
extent  of  both  its  surfaces,  separate  the  two  pouches  firom  one  another. 
The  laminar  or  hypopophyseal  process  on  each  side  of  the  bone,  variously 
modified  in  form,  Imiite,  posteriorly  and  inferiorly,  the  olfactory  portion  of 
the  lateral  surface  of  the  bone,  and,  folded  over  the  pouch,  walls  it  in  more 
or  less  from  below  ;  while  the  lachrymal  from  above  passes  down  on  its 
outer  side.  The  gradual  environment  of  the  pouch  may  be  traced  in  the 
series  of  Birds  ;  and  I  find  in  the  Asiatic  Cassowary,  the  stage  imme- 
diately preceding  the  completion  of  the  process  in  Apteryx.  In  this 
Bird,  the  pair  of  deep  fosss  in  the  interior  of  the  skull,  which  lodge 
the  olfactory  lobes,  are  separated  from  one  another  by  the  posterior 
margin  of  the  pre-sphenoidal  centrum,  which  here  represents  the  crista- 
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galli.  The  plate  of  bone  which  fomiB  the  floor  of  each  fossa,  instead  of 
being  orebriform  as  in  Apteiyz,  is  perforated  by  a  single  star-like  foramen, 
a  form  dae  to  the  partial  shooting  across  of  bony  processes  from  its 
margin. 

In  the  Chelonian, — ^The  neural  arch  and  oentrom  of  the  Chelonian  are 
represented  in  the  dry  skull  by  the  pair  of  bones  usually  considered  as 
the  "  proper  frontals/'  but  which  I  regard  as  sphenoido-frontals.  In  the 
recent  condition  the  centrum  appears  in  the  form  of  a  compressed  carti* 
laginous  bar,  continuous  posteriorly  with  the  compressed  anterior  part  of 
the  post-sphenoidal  centrum,  resting  below  on  the  conjoined  pterygoids 
and  ento-pterygoids,  continuous  in  h'ont  with  the  cartilaginous  ethmoidal 
septum  or  centrum,  and  thus  presenting  all  the  relations  of  the  pre-sphenoi- 
dfd  centrum  of  the  Bird,  ft  is  continued  upwards,  and  represents  the 
orbito-sphenoids,  or  neurapophyses,  in  the  form  of  a  double  fibro-cartila- 
ginous  membrane,  the  two  laminae  of  which  separate  to  unite  with  the 
posterior  margins  of  the  orbito-nasal  processes  of  the  ethmoido-frontals, 
with  the  two  parallel  descending  ridges  of  the  sphenoido-frontals,  and 
with  the  anterior  margins  of  the  peculiar  descending  processes  of  the  so- 
called  '*  porietals."  The  olfactory  nerves  pass  forwards  between  these 
neurapophyseal  lamina  above ;  and  the  optic  with  the  other  orbital 
nerves  peribrate  them. 

In  the  Crocodilian, — In  the  Crocodiles,  the  sphenoido-^ntals  have 
coalesced ;  but  the  cartilaginous  centrum,  and  neurapophyseal  interorbital 
laminse,  present  exactly  the  same  relations  as  in  the  Ohelonian  ;  the  only 
difference  being  the  result  of  the  union  of  the  orbito-nasal  processes  of  the 
sphenoido-frontals  near  their  lower  extremities,  and  the  consequent  space 
left  between  this  bony  bridge,  and  the  deep  furrow  formed  by  the  inclined 
upper  surfaces  of  the  ento-pterygoideal  portions  of  the  pterygoids. 

In  tJie  Lacertians. — ^In  the  Lizards,  the  sphenoido-frontal  is  again 
double.  In  consequence  of  the  mesial  separation  of  the  ento-pterygoids 
("  palatals")  and  pterygoids,  the  elongated  fibro-cartilaginous  centrum 
and  neurapophyseal  interorbital  laminae,  are  left  unsupported  below ;  to 
which  circumstance  is  probably  due  the  formation  in  the  inter-orbital 
laminae,  of  a  pair  of  delicate  tnradial  osseous  neurapophyses,  which  pass 
off  from  the  upj>er  margins  of  the  optic  foramina. 

In  the  Ofludian  and  Ba^rachian,. — Leaving  the  further  consideration 
of  the  special  homology  of  the  anterior  sphenoidal  wing  in  the  Reptiles, 
and  more  especially  in  the  Crocodiles,  untu  the  posterior  sphenoidal  wing, 
and  the  so-called  "  petrosal,"  have  been  examined,  I  would  observe,  that 
the  grounds  on  which  Professor  Owen  disting^hes  the  "  os  en  oeintare" 
of  the  Frog,  firom  that  segment  in  the  Python  which  includes  the  so-called 
'*  frontals,''  appear  to  me  somewhat  arbitrary.  This  segment  in  the  Ser- 
pent consists  of  a  pair  of  neurapophyses,  or  orbito-sphenoids,  which  are 
distinct,  as  cartilages  at  least,  in  the  embryo ;  of  a  double  metameura- 
popbjsis  (sphenoido-frontals),  which  not  only  occupy  on  each  side  the 
positidfts  of  the  neurapophyses,  but  extend  the  forepart  of  their  inner 
margins  downwards,  back  to  back,  in  the  mesial  plane,  on  the  sides  of  the 
compressed  centrum ;  which  thus,  along  with  them,  divides  the  neural 
chamber  in  &ont,  for  the  transmission  of  the  olfactory  nerves.  The 
sides  oi  the  '*  os  en  ceinture"  are  formed  by  neurapophyses;  whUe  the 
so-called  "  frontals"  of  the  Serpent  occupy  the  greater  part  at  least  of 
the  sides  of  their  segment ;  in  other  respects,  their  relations  are  similar. 
They  are  both  catacentric ;  the  centrum,  in  both,  resting,  as  in  the  Bird, 
on  the  upper  surface  of  the  anterior  acuminated  extremity  of  the  post- 
sphenoidal  centrum,  and  in  the  plane  of  the  ethmoidal  centrum  in  front. 
I  Tegaxdt  therefore,  the  ''  os  en  ceinture"  in  the  Batrachian,  along  with  the 
anterior  segments  of  its  ''  parieto-frontals,"  as  consisting  of  the  centrum, 
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neurapoplijses,  and  meta-neurapophyses  of  the  pre-sphenoidal  sclerotome ; 
and,  therefore,  also  as  homologous  with  that  segment  in  the  Ophidian 
which  includes  its  *'  frontals/  but  exclusive  of  the  elongated  anterior 
prolongation  of  the  post-sphenoidal  centrum. 

Tha  Pra^ Sphenoidal  Centrwm  and  Xeural  Arch  in  the  Fish. — ^The 
bone  which  predominates  over  every  other  in  the  cranium  of  the  Fish  is 
the  so-called  "principal  frontal"  ;  which,  however,  as  already  stated,  I 
do  not  regard  as  the  frontal  or  ethmoido-frontal  of  the  Mammal,  but  as  a 
sphenoido-frontal.  It  is  the  pre-sphenoidal  meta-neurapophysis  of  the 
Fish,  presenting  all  the  relations  oi  the  corresponding  bone  or  bones  in 
the  Bird,  Chelonian,  and  Lizard,  except  that  the  ethmoido-frontals 
anterior  to  it  have  coalesced  in  the  middle  line  ;  while  the  ethmoidal 
neurapophyses  have  become  so  much  developed,  exposed,  and  connected 
to  it  laterally,  as  to  assume  the  position  of  the  so-called  "  nasals"  and 
pre-frontals"  in  the  Bird  and  Reptile.  The  enormous  development  of 
this  bone  in  the  Fish  and  Bird  appears  to  depend  on  the  great  bulk  of 
the  organs  of  vision.  There  is,  therefore,  in  both,  an  extended  inter- 
orbital  space  to  be  filled  up.  In  the  Fish,  as  in  the  Bird,  this  is  variously 
effected  by  means  of  fibro-cartilage  and  bone.  The  extreme  forms  of  the 
inter-orbital  arrangement  may  be  illustrated  by  the  Gadoid  and  Cypri- 
noid  Fislies.  In  the  Cod  the  greater  part  of  the  so-called  inter-orbital 
septum  consists,  as  in  the  Chelonian  and  Lizard,  of  a  double  fibrous 
membrane,  which  extends  upwards  from  the  anterior  prolongation  of  the 
post-sphenoidal  centrum  to  the  margins  of  the  mesial  grooves  on  the 
under  surface  of  the  sphenoido -frontal.  The  two  laminee  of  this  mem- 
brane thus  bound  the  sides  of  the  compressed  neural  space,  along  the 
upper  part  of  which  the  olfactory  nerves  pass  forward.  In  the  posterior 
superior  part  of  each  of  these  neurapophyseal  fibrous  laminee,  a  compara- 
tively small  plate  of  bone  is  developed,  while  the  centrum  consists  of  the 
bar  of  persistent  cartilage,  which  extends  along  the  grooved  upper 
surface  of  the  anterior  portion  of  the  post-sphenoidal  centrum,  and  ter- 
minates above  the  etmnoidal  centrum  (<'  vomer").  The  optic  nerves 
pierce  the  membranes  so  far  back  as  to  notch  very  deeply  the  anterior 
margins  of  the  post-sphenoidal  neurapophyses,  or  post-sphenoidal  wings. 

In  the  Carp,  again,  the  inter-orbital  space  is  occupied  above  by  a 
considerable  descent  of  the  margins  of  the  sphenoido-frontal  groove ;  in 
front,  by  complete  ossification  of  the  fibrous  membranes,  which  thus 
become  pre-sphenoidal  neurapophyses ;  behind,  by  the  passage  forwards  of 
the  post-sphenoidal  wings  (**  ali-sphenoids"),  through  which,  during 
development,  the  optic  nerves  have  passed  back,  to  be  lodged  in  notches 
in  their  posterior  margins ;  and  below,  by  the  bar  of  semi-ossified  cartilage 
situated  upon  the  upper  surfaces  of  the  posterior  sphenoidal  and  eth- 
moidal centrums. 

Of  the  Hcemal  Arch  and  Hannactinapophyies  of  the  Pre-iphenoidai 
Sclerotome, — The  palatine  arch,  between  which  and  the  mandibular  the 
mouth  is  situated,  and  which  terminates  therefore  posteriorly  file  pre- 
stomal  series  of  haemal  arches,  may  be  presumed  to  undergo  very  varied 
modifications  in  connection  with  the  olfactory,  the  respiratory,  and  the 
digestive  functions.  In  the  present  instance,  as  in  many  others,  the  ana- 
tomy of  the  human  body,  instead  of  leading  astray  by  complexity  and 
extreme  modification  of  its  parts,  supplies  the  key  ior  their  morphologi- 
cal splution  by  affording  an  example  of  the  employment  of  the  funda- 
mental type  of  structure  for  the  fulfilment  of  the  most  complex  functional 
purposes. 

The  human  pre-sphenoidal  centrum,  hollowed  out  by  nasal  air-oells,  as 
in  certain  Birds,  is  bounded  below  and  in  front  by  a  pair  of  separate 
triangular-curved  bony  plates,  which,  limiting  the  size  of  the  right  and 
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left  pneumatic  orifices,  bring  these  into  oommimication  with  the  posterior 
ethmoidal  air-cells  or  sinuses.  These  '*  sphenoidal  turbinated  bones," 
or  "  bones  of  Bertin,"  in  contact  along  their  outer  margins,  and  outer  part 
of  their  inferior  aspects,  with  the  sphenoidal  processes  of  the  palate  bones, 
constitute  the  upper  elements  or  suspensory  extremities  of  the  inverted  arch, 
completed  bj  the  meeting  of  the  palate  bones  themselves  in  the  posterior 
part  of  the  mesial  line  of  the  palatal  vault.  The  right  and  left  pterygoids 
are  attached,  as  a  pair  of  actinapophyses,  to  this  arch.  They  pass  off 
backwards  and  outwards  from  the  posterior  margins  of  the  perpendicular 
plates  of  the  palate  bones,  and  abut  in  the  embryo  against  tLe  upper  and 
fore  part  of  the  mandibular  arch,  retaining  in  the  tympanic  processes  of 
their  adult  form,  indications  of  their  early  connection  with  that  arch. 
The  most  important  secondary  connection  of  the  pterygoids  in  the  hu> 
man  adult  is  with  the  pterygoid  processes  of  the  post-sphenoid  ;  and  it 
is  this  sphenoidal  connection  which  is  most  frequently  repeated  in  the 
animal  series. 

I  shall  not  enter  at  present  into  the  question  of  the  probable  existence 
of  "  bones  of  Bertin"  in  the  Mammalia  generally  ;  nor  enquire  whether 
the  separate  orbital  pieces  of  the  palate  bones  in  the  herbivorous  Getaoea, 
according  to  Cuvier,  and  the  separate  anterior  portions  of  the  pterygoids 
of  the  young  Dolphin,  as  described  by  Meckel  and  Rapp,  may  be  indica- 
tions of  the  upper  elements  of  the  palatal  arch ;  but  pass  on  to  the  consi- 
deration of  the  palatal  arch  in  the  lower  Vertebrata,  in  which  the  two  ele- 
ments of  which  it  appears  to  consist  on  each  side,  are  distinctly  developed. 

The  Palatal  Arc%  and  Pterygoids  in  the  Bird. — The  bone  hitherto 
considered  by  all  anatomists  as  the  vomer  of  the  Bird,  is  a  more  or  less 
elongated  narrow  plate,  the  margins  of  which  are  bent  upwards  so  as  to 
convert  its  upper  surface  into  a  groove,  which  is  applied  against  the  under 
surface  of  the  acuminated  anterior  extremity  of  the  post-sphenoidal  cen- 
trum, which  is  therefore  interposed  between  it  and  the  pre-sphenoidal 
centrum.  This  bone,  more  or  less  compressed  or  extended  laterally,  se- 
parates the  posterior  nostrils  from  one  another.  Its  anterior  extremity 
reaches  the  anterior  limits  of  these  orifices,  or,  passing  forwards  into  the 
palate  between  the  ethmoidal  neurapophyseal  and  maxillary  palatal  la- 
minaa,  and  concealed  more  or  less  by  them,  may  terminate  on  the  surface 
of  the  palate  between  the  intermaxillary  palatid  plates.  When  this  bone 
is  much  compressed  it  is  single  throughout ;  when  flattened,  it  is  more  or 
less  extensively  divided  in  the  mesial  Une. 

The  palate  bones  of  the  Bird,  more  or  less  elongated,  extend  anteriorly 
under  the  maxillary  palatal  laminse,  to  which  in  general  they  are  onlv 
slightly  connected,  forward  to  the  intermaxillanr  piSate  plates,  with  which 
they  are  anchylosed  or  articulated,  separated  jnrom  one  another  in  front, 
to  form  the  lateral  boondaries  of  the  posterior  nares,  the  palate  bones 
become  broader  posteriorly,  approach  one  another,  and  are  either  attached 
to,  or  anchylosed  with,  the  posterior  extremity  of  the  so-called  **  vomer." 
Their  posterior  extremities  are  provided  with  facets  for  articulation  with 
the  bar-like  pterygoids,  which  extend  from  them,  outwards  and  backwards, 
to  articulate  with  the  quadrate  bone  on  each  side.  The  pterygoids  of  cer- 
tain Birds  have  also  secondary  connections ;  they  articulate  with  processes 
which  project  from  the  post- sphenoidal  centrum  in  some  part  of  its  extent ; 
and  on  which  their  shans  glide,  rotate,  or  vibrate. 

The  reciprocal  relations  of  the  so-called  "  vomer,"  the  palatines,  and 
pterygoids  of  the  Bird,  are  extremely  interesting  and  important.  At 
present,  I  can  only  direct  attention  to  those  relations  which  bear  upon  my 
subject.  When  the  palate  bones  are  greatly  developed,  the  **  vomer"  di- 
minishes. When,  again,  the  "  vomer*  is  much  developed,  the  palatines 
are  in  an  atrophied  condition.    The  pterygoids  present  phases  of  develop- 
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ment  dependent  on  the  Taristions  of  the  palatines  and  pterjgoids.  The 
two  extremes  may  be  observed  in  the  Parrots  and  the  Stnithioua  Birds. 
In  the  former,  the  palatines  are  enormooslj  developed,  while  the  "  vomer" 
has  disappeared.  In  the  latter,  the  '*  vomer"  is  greatly  elongated  and 
developed,  while  the  palatines  present  the  relation,  and  exhibit  the  form 
of  the  **  transverse"  or  "  adgustal"  bones  of  the  Reptile. 

The  PcUatal  Arch  a/nd  the  Pterygoids  in  Reptiles  a/nd  Amphibians, — 
The  three  bones  on  each  side,  which  form  the  palatal  system  of  the  ordinary 
Lizard,  present  the  same  relations,  and  almost  the  same  form  as  the 
«  vomer,  palatines,  and  pterygoids  of  the  Struthious  Bird.  The  pterygoids 
are  in  every  respect  similar.  The  "transverse  bones''  of  the  Lizard  are  also, 
in  relations  and  almost  in  form,  like  the  palatines  of  these  Birds.  ^The  so- 
called  "  palatals  **  of  the  Lizard,  while  they  exhibit  all  those  relations  to 
the  *'  transverse"  and  pterygoids,  which  the  '*  vomer"  of  the  bird  presents, 
differ  from  that  doable  bone  in  this  respect,  that  although  in  contact 
at  the  mesial  line,  they  are  comparatively  so  much  broader,  occapy-> 
ing  so  much  of  the  comparatively  narrow  palatal  space  that  they 
touch  the  maxillaries  by  their  anterior  external  angles.  They  bound, 
therefore,  the  internal  nares  posteriorly;  but  like  the  so-called  vomer 
in  the  Bird,  separate  them  from  one  another,  passing  forward  like  that 
double  bone  to  the  ethmoidal  neurapophvseal  plates,  which  constitute  the 
so-called  "vomer"  of  the  Lizard.  Li  the  monitors,  these  so-called 
''  palatines,"  like  the  pterygoids,  are  evidently  separated  in  the  middle 
line,  and  forced  backwards  fuong  the  inner  margin  of  the  maxillary  to- 
wards the  transverse  bones,  by  the  development  and  elongation  of  the 
ethmoidal  neurapophyseal  elements.  In  the  Crocodiles,  again,  the  full 
development  of  maxillary  palatal  plates,  and  more  especially  of  the 
ethmoidal  neurapophyses,  has  forced  backwards  and  towards  the  middle 
line,  not  only  the  bone  called  '* palatal"  in  the  Lizard,  but  also  the 
pterygoids ;  and  as  the  latter  also  exhibit  that  remarkable  tubular  de- 
velopment, various  phases  of  which  are  perceptible  in  the  Ghelonians, 
Birds,  and  Mammalia,  the  former  again  presents  the  ornithic  vomerine 
aspect. 

in  the  Ophidia  the  two  halves  of  the  palatal  system  ore  widely  se- 
parated at  the  middle  line.  The  so-called  **  palatals,"  elongated  forwards 
into  the  ethmoidal  region,  articulated  by  ascending  processes  to  the  pre- 
sphenoid,  slightly  attached  externally  to  the  maxillaries,  as  in  the  Lizards, 
Iwund  as  in  these  ReptUes,  the  nostrils  posteriorly,  but  do  not  separate 
them  mesially. 

In  the  Frog,  the  so-called  **  palatals  "  extend  transversely  outwards 
from  the  *'  os  en  ceinture  "  to  the  maxillaries,  being  also  connected  at 
their  outer  extremities  with  the  pterygoids.  The  latter  are  articulated 
posteriorly  to  the  post-sphenoid  and  to  the  quadrate  bone.  The  "  os 
trans versum "  has  disappeared  at  the  junction  of  the  so-called  palatal, 
pterygoid,  and  maxillary. 

The  modifications  presented  by  these  bones  in  Reptiles  ~and  Am- 
phibia are  much  too  numerous  to  be  followed  in  detail  at  present.  I 
have,  therefore,  selected  those  which  are  essential  for  the  elucidation  of 
my  subject;  and  shall  sum  up  the  conclusions  I  draw  from  them,  by  a 
comparison  of  them  with  the  corresponding  elements  in  Ghelonians. 

The  Ghelonians,  we  are  told,  have  no  ''transverse  bone."  They  ore 
distinguished  in  this  respect  from  all  the  other  Reptiles.  But  if  we 
examine  the  skull  of  a  Tortoise,  we  shall  find  all  the  elements  which 
enter  into  the  formation  of  the  palatine  aspect  in  that  of  the  Grocodile. 
In  front  are  the  intermaxillaries,  immediately  behind  which,  in  the 
median  line,  is  the  double  bony  plate,  which  is  usually  described  and 
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figured  as  the  forepart  of  the  BO-ealled  "  yomer,"  bat  to  which  I  have 
already  directed  attention  as  the  combined  ethmoidal  nenrapophyseal 
elements.  In  the  Turtles  the  mazillaries  meet  across  the  palatal  vault  in 
front  of  the  nhited  ethmoidal  nenraipoph/ses,  so  that  the  latter  are  pushed 
backwards,  and  are  in  bontact  laterall/  with  the  palatals  in  the  vault  of  the 
palate ;  while  in  the  Tortoise  the  latter  want  entirely  the  palatal  processes, 
consisiing,  ds  Cuvief  expressed  it,  only  of  their  upper  portions,  and 
extending  outwards  on  each  side  from  the  outer  margms  of  the  so-dalled 
'^  vomer,  and  of  the  pterygoids,  to  the  inner  margins  of  marillaries> 
Now,  let  the  base  of  the  sIeuII  of  a  Tortoise,  a  Turtle,  said  a  Crocodile,  be 
examined  side  by  side.  In  all  three  we  shall  find  the  intermaxiUaries  in 
iront.  The  maxiUaries,  although  they  do  not  meet  across  the  palate  of 
the  Tortoise,  do  so  in  that  of  the  Turtle,  and  thus,  as  in  the  Crocodile,, 
bound  posteriorly  the  intermaxillary  segment  of  the  palate.  The  trans- 
verse union  of  the  maxillaries  in  the  Turtle  and  Crocodile,  pushes  back 
the  ethmoidal  neurapophyses  (which  are  in  contact  with  the  intermaxil- 
laries  in  the  Tortoise),  but  to  such  an  extent  in  the  Crocodile  that  the  eth- 
moidal neurapophyses,  also  themselves  much  elongated,  carry  back  the 
pterygoids,  so  that  the  latter  almost  entirely  conceal  the  post^sphenoidal 
centrtun.  The  outer  margins  of  the  pterygoids,  already  curved  downwards 
in  the  Tortoise  and  Tattle,  pass  downwards  and  inwards  in  the  Crooodllei 
80  as  to  meet  again  in  the  mesial  line  of  the  palatal  vault.  The  bony 
septum  of  the  pterygo-ethmoidal  portion  of  the  nostrils  of  the  Crocodile  is 
at  the  same  time  seen  to  be  the  result  of  the  extension  downwards  in  the 
mesial  plane  of  the  middle  rid^e  of  the  so-called  "  vomer"  of  the  Tortoise 
or  Turtie,  and  of  the  connection  of  the  anterior  part  of  that  double  bone 
with  the  ethmoidal  neurapophyses.  It  will  thus  be  observed,  that  if  the 
maxillaries  of  the  Tortoise  were  united  across  the  palate,  in  &ont  of  its 
ethmoidal  neurapophyses,  to  a  considerable  extent  backwaids ;  if  the  eth- 
moidal neurapophyses  were  also  elongated  in  the  same  direction ;  and  if 
the  outer  mai^his  of  the  pterygoids,  below  the  palatines,  were  to  meet  in 
the  mesial  line,  the  latter  would  be  forced  baclcwards  and  outwards ;  se 
that'  still  retaining  their  connections  with  the  pterygoids  and  maxillaries, 
but  leaving  those  with  the  "vomer"  in  front  and  intemaUy,  to  abut  against 
the  malar  behind  and  externally — ^the  palatal  aspect  of  the  skull  of  the 
Tortoise  would  present  the  arrangement  of  the  .corresponding  r^on  in 
that  of  the  Crocodile,  the  palate  bones  assuming  the  form  and  relations  of 
"  transverse  bones." 

If  t6  the  skulls  of  the  Tortoise,  Turtle,  and  Crocodile,  those  of  a  Ser- 
pent,  a  Lizard,  a  Frog,  and  an  Ostrich  be  added,  it  will  be  observed,  that 
the  palate  bones  have  disappeared  in  the  Frog ;  that  they  have  assumed 
the  form  and  relations  of  *'  transverse  bones"  in  the  Lizard,  Crocodile, 
and  Serpent ;  that  they  are  essentially  "  transverse  bones"  in  the 
Struthious  Bird,  while  in  the  Tortoise,  but  especially  in  the  Turtle, 
they  present  the  Mammalian  character  and  form.  It  will  also  be  ob- 
served, that  the  bones  in  the  Turtle,  Tortoise,  Crocodile,  and  Bird,  hi- 
therto denominated  *'  vomer,"  are  the  same  bones  which  in  the  Frog, 
Lizard,  and  Serpent  are  named  '<  palatals,"  the  term  *' vomer"  being 
applied  in  these  animals  to  those  two  bones  collectively,  which  are  situated 
nnder  the  ethmoidal  portion  of  the  skull.  It  will  also  be  noted  that  the 
bones  called  "  vomer'  in  the  Turtle,  Tortoise,  Crocodile,  and  Bird,  and 
the  bones  called  *'  palatals"  in  the  Frt^,  Lizard,  and  Serpent,  are  related 
to  the  others,  alons  with  which  they  have  been  examined,  exactly  as  the 
'<  bones  of  Bertin,^'  in  the  humiui  cranium,  are  to  the  palate  bones  and 
pterygoids. 

The  Presphenaidal  Hasmal  Arch  and  H(Bmactinapophy»U  of  the 
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FmA.— -In  the  osseous  Fish  a  fibrous  membrane  extends  outwards  and 
downwards  on  each  side  from  the  suborbital  bar-lihe  portion  of  the  basis 
of  the  cranium.  In  most  Fishes  there  will  be  found  in  this  membrane, 
where  it  passes  off  from  the  pre-sphenoidal  portion  of  the  cranium,  a 
more  or  less  elongated  scale-like  bone  on  each  side.  This  is  the  *'  pterj- 
goidien  interne*'  of  Cuyier,the  **  h^riss^l "  of  St  Hilaire,  the  *'  ento-pterj- 
goid ' '  of  Professor  Owen .  The  palate  bone ,  connected  by  the  same  fibrous 
membrane  to  the  outer  margin  of  the  ento-pterygoid,eztends  forwards  to  the 
side  of  the  so-called  '*  vomer/'  or  to  the  ethmoidal  centrum  and  neurapo- 
physis,  to  which,  as  also  to  the  maxillary  and  intermaxillary,  it  is  Tariously 
attached  directly  and  indirectly.  The  corresponding  actinapophysead 
element  or  pterygoid  in  the  Fish  is  firmly  connected  in  front  to  the  palate 
bone,  and  less  intimately  to  the  ento-pterygoid,  and,  extending  backwards, 
downwards,  and  outwards,  abuts  against  the  anterior  margin  of  the  ''hypo- 
tympanic"  and  *' pre-tympanic"  bones,  as  the  pterygoid  of  the  Bird 
and  Reptile  does  against  the  so-called  "  quadrate,"  or  "  tTmpanic"  bone. 
If,  then,  the  basal  aspect  of  the  cranium  of  the  osseous  Fish  is  placed  in 
series  with  those  of  the  Bird,  Lixard,  Serpent,  Tortoise,  and  Frog,  it  will 
be  observed,  that  while  its  palatals  and  pterygoids  may  be  at  once  asso- 
ciated with  the  corresponding  bones,  as  already  determined,  in  the  Bird 
and  Reptile,  the  ento-pterygoid  of  the  Fish  presents  all  the  relation  of 
the  double  bone,  usually  called  '*  vomer"  in  the  Bird;  of  the  posterior 
or  horizontal  portion  of  the  bone  called  '*  vomer  "  in  the  Tortoise  ;  and 
of  the  bones  called  ''  palatals  "  in  the  Liaard,  Serpent,  and  Frog.  It 
will  also  be  observed,  that  while  the  toothed  bone,  called  "vomer" 
in  the  Fish,  has,  from  a  cataoentric  change,  disappeared  from  the  under 
aspect  of  the  cranium  in  the  Bird,  Reptile,  and  Batraehian,  the  two 
bones,  called  in  the  Fish  * '  pre-frontals  " — ^its  ethmoidal  neurapophyses 
— present  the  same  relations  to  its  ento-pterygoids  as  the  ethmoidal 
neurapophyses  of  the  Bird  to  its  so-called  '*  vomer,"  and  as  those  of 
the  Tortoise  to  the  posterior  portion  of  its  so-called  "vomer,''  and  as 
those  of  the  Lizard,  Serpent,  and  Frog  to  the  bones  hitherto  called 
''  palatal "  in  these  three  forms.  I  therefore  apply  provisionally  the 
term  ento-pterygoid  to  the  so-called  "  vomer  "  of  the  Bird,  to  the  posterior 
part  of  the  so-called  "vomer"  of  the  Chelonian,  to  the  corresponding 
bony  piece  in  the  Crocodiles,  to  the  so-called  "palatals  "  of  the  Ophidian, 
Lacertian,  and  Batraehian,  to  the  "  Ixmes  of  iBertin,"  and  their  repre- 
sentatives in  the  Mammal. 

The  constitution  of  the  Nctsid  FosMSy  and  the  relative  positions  of  the 
Extemai  a/nd  Internal  Nares. — The  details  necessary  for  the  morph€ft- 
logical  examination  of  the  rhinal,  vomerine,  ethmoidal,  and  pre-sphenoidal 
ssTerotomes,  have  involved  a  number  of  facts  connected  with  the  varied 
constitution  of  the  nasal  fossae  in  the  different  vertebrate  forms.  As,  how> 
ever,  the  constitution  of  these  fosssc  has  important  bearings  on  the  mor- 
phology of  the  entire  cranium,  I  shall  briefly  direct  attention  to  the 
fu^ect. 

The  only  perfect  form  of  nasal  fossae  is  that  presented  by  the  Mammal. 
They  consist  of  the  entire  neuro-haemal  cavities  of  the  rhinaJ  and  vomerine, 
combined  with  the  haemal  cavities  of  the  ethmoidal  and  pre-sphenoidal 
sclerotomes.  That  portion  of  the  combined  nasal  fossae  which  consists  of 
the  cavities  of  the  rhinal  and  vomerine  sclerotomes,  is  divided  in  the 
mesial  plane  by  the  centrums  of  those  sclerotomes ;  while  the  dependent 
portion  of  the  ethmoidal  centrum,  and  the  posterior  portion  of  the  vomer- 
ine centrum,  divide  in  the  same  manner  that  part  of  the  combined  fossse 
which  consists  of  the  hsemal  cavities  of  the  ethmoidal  and  pre-sphenoidal 
sclerotomes.  The  Mammalian  nasal  fossie  are  therefore  bounded  in  front 
by  the  waUs  of  the  neuro-hsemal  chambers  of  two  cataoentric  sclerotomes  ; 
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and,  posteriorlji  by  the  catacentricallj  divided  hsmal  cliambers  of  a  demi- 
cataoentric  and  diacentric  sclerotome. 

As  the  heemal  portions  of  the  cephalic  somatomes  are  separated  from 
one  another  in  their  early  embryo  condition  by  meta-somatomic  clefts,  we 
may  expect  to  find  traces  of  these  clefts  in  the  walls  of  the  adult  nasal 

fOBSSB. 

The  first  or  anterior  pair  of  meta-somatomic  clefts  of  the  embryo  head, 
that  is  the  clefts  between  the  rhinal  and  intermaxillary  lobe  of  the  '*  me- 
disQ  irontal  process/'  are  retained  in  the  adult  as  the  external  nares. 
These  openiogs  in  the  non-proboscidian  Mammal,  are  situated  therefore 
between  the  aluiasal  cartilages  and  the  intermaxillary  bones.  In  the 
proboscidian  Mammals,  they  are  probably  situated  between  the  ultimate 
and  penultimate,  or,  at  least,  between  two  of  the  distal  somatomes  of  the 
proboscis. 

The  second  pair  of  meta-somatomic  clefts,  situated  between  the  exter- 
nal angles  of  the  median  frontal  process  and  the  lateral  frontal  processes, 
may  disappear  entirely  in  the  course  of  development ;  but  they  occasion- 
ally remain  under  the  form  of  Stenson's  ducts,  which  pass  obliquelv 
through  the  so-called  *'  ix^isive  spaces,"  or"  foramina,"  from  the  mouth 
to  the  nasal  fossee,  between  the  intermaxillaries  and  mazillaries.  The 
mucous  walls  of  the  canals  of  Stenson  are  supported  by  cartilaginous 
tubular  folds,  which  are  continuous  superiorly  with  cartilaginous  laminaa, 
which,  passing  ofp  laterally  ftx>m  the  lower  margin  of  the  nasal  septum 
and  vomer,  cover  more  or  less  of  the  fioor  of  the  nasal  fosssB,  upper  part  of 
the  incisive  fissures,  and  spaces  between  the  intermaxillaries  and  maxilla- 
ries.  The  **  organs"  or  **  sacs  of  Jacobson,"  supplied  by  the  olfactory  and 
fifth  nerves,  lined  by  glandular  integument,  sheathed  by  a  continuation  of 
the  cartilaginous  laminae  already  alluded  to,  and  opening  into  the  canals  of 
Stenson,  when  these  are  present,  are,  whatever  their  function  may  be, 
morphologically  connected  with  the  second  pair  of  meta-somatomic  clefts. 

The  next  pair  of  meti^-somatomic  clefts,  situated  between  the  lateral 
frontal  processes  and  the  so-called  *'  superior  maxillary"  deflection  of  the 
**  first  visceral  lamina,"  continue  pervious  in  all  the  Mammalia  except 
the  Getacea.  The  lachrymal  canals  which  connect  the  anterior  pouches 
of  the  conjnnctivsB  with  the  nasal  fossse,  consist  of  the  persistent  upper 
portions  of  these  clefts.  Their  outer  or  lower  portions  are  obliterated, 
but  the  corresponding  inter-soleratomic  space,  much  dilated,  constitutes 
that  part  of  the  orbit  formed  by  elements  of  the  ethmoidal  and  pre- 
sphenoidal  sclerotomes,  while  the  spheno-palatine  and  posterior  palatine 
foramina  and  fissures,  are  also  enclosed  portions  of  the  space  between 
these  two  sclerotomes,  retained  for  the  passage  of  vessels  and  nerves. 

The  posterior  nares  are  not  meta-somatomic  openings,  they  are  merely 
the  communications  between  the  catacentric  haemal  space  of  the  pre- 
sphenoidal,  and  the  corresponding  but  undivided  haemal  spaces  oi  the 
Buoceeding  somatomes. 

The  mouth  is  the  persistent  and  developed  form  of  the  great  deft  be- 
tween the  pre-  and  post- sphenoidal  somatomes.  It  is  situated  therefore 
morphologically  in  uie  same  transverse  plane  as  the  posterior  nares.  Its 
fundamental  or  morphological  relations  are  retained  and  represented  by 
the  posterior  isthmus  of  the  fiances.  The  buccal  chamber  is  a  vestibule 
superadded  to  the  alimentary  tube,  by  the  anterior  elongation  of  the  lower 
jaw,  and  by  the  development  of  the  floor  of  the  mouth  and  of  the  tongue, 
with  the  consequent  inclusion  of  the  vault  of  the  palate ;  so  that  the  lat- 
ter, instead  of  forming  the  anterior  portion  of  the  haemal  or  sternal  as- 
pect of  ^e  head,  becomes  apparently  a  portion  of  the  wall  of  the  visceral 
tube. 

The  complete  development  of  the  vomer  characteristic,  as  already  stated 
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of  the  Mammalian  head,  is  also  a  eharacteristic  featoie  of  the  nasal  foss» 
in  the  Mammal.  As  the  centrum  of  that  sclerotome,  of  which  the  inter- 
maxillaries  are  the  hsemapophyses,  it  extends  back  from  them  to  abat 
against  the  pre-sphenoidal  centrum,  forming  a  beam  which. adds  to  the 
antero-posterior  strength  of  the  entire  arrangement,  and  which  sup- 
ports the  more  feeblj  developed  ethmoidal  and  rhinal  portions  of  the  nasal 
septum.  All  these  relations  of  the  vomer  are  retained  in  the  remarkablj 
modified  nasal  passages  and  snout  in  the  Cetacea. 

The  seat  of  the  olfactory  sense  is  limited  to  the  upper  part  of  the 
ethmoidal  portion  of  the  nasal  fossse.  However  complex  the  arrangement 
of  the  ethmoidal  turbinal  lamina  may  be,  they  invariably  present  the 
general  character  of  folded  laminar  neuractinapophyses,  connected  to  their 
corresponding  neurapophyses,  after  the  type  of  the  cartilaginous  sessile 
olfactory  cups  in  the  Plagiostomes. 

As  already  stated,  the  so-called  inferior  turbinals  consist  of  an  antero- 
posteriorly  arranged  series  or  system  of  mutually  abutting  heemactinapo- 
physes ,  enclosed  during  development  within  the  nasal  fossee.  The  infenor 
turbinal  system  is  peciuiar  to  the  Mammal,  and  consists  of  elmnents  which, 
in  developed  forms  of  the  system,  are  derived  from,  and  attached  to,  the 
rhinal,  vomerine,  and  ethmoidal  heemapophyses.  The  palate  bone,  or 
distal  pre-sphenoidal  hsemapophysiB,  suppoxi»  the  posterior  extremity 
of  the  turbinal  system,  but  I  have  not  had  occasion  to  observe  any 
turbinal  element  supplied  by  it. 

As  the  rhinal  sclerotome  has  disappeared  in  the  Bird,  the  neuro-hiemal 
chambers  of  the  vomerine  sclerotome  become  closed  in  front,  and  the  ex- 
ternal nostrils  are  supplied  by  those  metasomatomic  clefts  between  the 
vomerine  and  ethmoidal  sclerotomes,  which  in  the  Mammal  form  the 
*'  incisive  foramina/'  the  "  canals  of  Stenson/'  and  the  "  organs  of 
Jacobson." 

As  the  anterior  nares  are  removed  one  somatome  back  in  the  Bird,  so 
the  posterior  nares  are  removed  one  somatome  forwards.  They  are  situated 
between  the  maxillary  and  incomplete  palatine  arches,  the  ento-pterygoids 
separating  them,  while  the  palatines  are  on  their  outer  sides.  The  poste- 
rior nares,  instead  of  being  directed  backwards  in  a  plane  at  right  Ungles 
to  the  axis  of  the  alimentary  tube,  open  downwards  in  the  plane  of  its 
upper  wall.  This  direction  of  the  posterior  nares  is  due  to  the  following 
circumstances: — 1.  that  the  intermaxillaries,  although  completing  their 
arch  below,  are  principally  developed  upwards  and  backwards ;  2.  thai 
the  maxillaries,  even  when  they  meet  partially  across  the  middle  line, 
have  the  space  which  they  enclose  occupied  by  the  neurapophyses,  cen- 
tr.um,  and  sense  capsules  of  their  own  sclerotome— in  other  words,  they 
are  in  contact  with  the  central  and  neurapophyseal  aspect  of  their  own 
sclerotome ;  3.  that  the  palatines  do  not  form  an  arch  at  all,  but  lie  in  the 
horizontal  plane  of  the  under  surfaces  of  the  centrums  of  the  oephalie 
sclerotomes  behind  them. 

The  Bird,  in  fact,  does  not  possess  nasal  fossao  in  the  same  sense  as 
the  Mammal,  that  is,  it  does  not  present  nasal  chambers,  formed  by  the 
completed  haemal  arches  of  a  certain  number  of  sclerotomes.  Its  nasal 
foRssB  consist  only  of'  the  eatacentric<htemal  or  neuro-hsemal  spaces  of  the 
vomerine  sclerotome,  and  of  the  combined  neural  and  ^*  sense  capsule" 
spaces  of  the  ethmoidal  sclerotome,  which  occupy  the  space  enclosed  by 
ito  haemal  arch.  They  differ  therefore  from  the  Mammalian  nasal  fossa, 
not  only  in  wanting  rhinal  compartments,  but  also  in  the  deficiency  of 
ethmoidal  and  pre-sphenoidal  hsBmal  spaces.  The  palate  of  the  Bird, 
iustead  of  being  like  that  of  the  Mammal,  situated  in  a  plane  inferior  and 
parallel  to  that  in  which  the  vertebral  column  lies,  is  in  the  plane  of  the 
fatter,  like  that  of  the  Fish.    The  palate  of  the  Fish  is  in  the  horizontnl 
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plWB  of  the  vertebral  oolamxi,  because  its  nasal  fossn  are  absent,  the  con- 
stituent hnmal  arches  being  all  incomplete ;  and  because  the  cavities  of 
its  olfactory  capsules  open  externally.  The  palate  of  the  Bird  is  in  the 
horizontal  plane  of  the  vertebral  column  for  reasons  ahreadj  stated,  and 
»1bo  because  the  olfactory  capsules,  instead  of  being  situated  external  to 
the  cavities  of  their  sclerotome  as  in  the  Fish,  or  in  its  haemal  cavity  as 
in  the  Mammal,  have  become  involved  in,  or  have  taken  the  place  of  its 
neural  chamber,  and  have  therefore  their  inner  orifices  or  posterior  nares 
directed  downwards,  on  the  central  aspect. 

The  mode  in  which  the  walls  and  cavities  of  the  olfactory  capsules  of 
the  Bird  become  involved  or  lost  in  its  ethmoidal  neural  chamoer  and 
walls,  may  be  morphologically  conceived,  if  the  structure  is  compared 
with  the  oorrespondmg  segment  of  the  cranium  of  a  Ray.  The  cranium 
of  the  Plagiostome  is  modelled  on  the  form  of  the  "  primordial  cranium" 
of  the  Mammal  and  Bird.  The  laterally  projecting^  sessile  cartilaginous 
olfactory  cups  communicate  each  by  a  wide  orifice  with  the  cranial  cavity. 
If  the  orifices  be  conceived  as  much  enlarged,  and  the  walls  of  the  cap^ 
sales  as  withdrawn  into,  or  becoming  continuous  with,  those  of  the  cran- 
ium ;  or  if  the  latter  be  conceived  as  disappearing,  while  the  former  take 
their  places,  the  general  arrangement  of  the  ethmoidal  section  of  the  peri> 
sistent  '*  primordial  cranium"  of  the  Bay  will  be  seen  to  be  simili^  to 
that  sclerotome  in  the  Bird's  skull,  which  retains  most  of  the  primordial 
character.  The  development  of  the  imperfect  maxillaries  in  contact  with 
the  lower  aspect  of  the  slightly  ossified  inferior  wall  of  the  combined 
capsular  and  neural  mass,  and  the  formation  of  the  ethmoido-fit>nta]s  in 
the  perichondrium  which  covers  its  upper  surface,  would  reduce  tho 
entire  arrangement  to  the  t3rpe  of  the  corresponding  parts  in  the  Bird. 

By  a  similar  process,  the  sessile  cartilaginous  auditory  capsides  of  the 
Cyclostome  may  be  conceived  to  become  buried  in  the  temporal  portions 
of  the  cranial  wall  in  the  Plagiostome,  while  in  the  osseous  Fish,  after 
the  primordial  cranium  has  become  enveloped  in  the  bony  plates  which 
are  formed  in  its  substance  and  in  its  fibrous  covering,  tho  auditory  cap- 
aules  pass  into  the  cranial  cavity,  having  been  enclosed  by  the  neurapo- 
physeal  and  metaneurapophys^  bony  pieces  of  their  own  and  neigh- 
bouring sclerotomes. 

The  external  nostrils  of  the  Lacertian,  OphidiaB»  and  Amphibian,  axe 
situated,  as  in  the  Bird,  between  the  vomerine  and  ethmoidal  sclerotomes ; 
the  intermaxillaries  being  closed  in  firont  and  below.  The  so-called  nasid 
fossae  in  their  vertebrate  forms  are  also,  as  in  the  Bird,  merely  olfactory 
chambers,  occupying  the  neural  space  of  the  ethmoidal  sclerotome.  The 
posterior  nares,  too,  open  as  in  the  Bird,  between  the  ethmoidal  and  pre- 

Shenoidal  sclerotomes,  but  with  the  following  subordinate  differences :— ^ 
the  Lizard  they  are  separated  by  the  anterior  extremities  of  the  ento- 
pterygoids,  and  are  bounded  behind  by  the  maxillary  processes  of  these 
Dones,  and  extemsJly  by  the  maxillaries  themselves.  In  the  Ophidian 
they  are  separated  by  the  free  mar^  of  the  ethmoidal  catacentric  plates ; 
anteziorlj  by  the  posterior  margms  of  the  ethmoidal  neurapophyses, 
externally  by  the  anterior  projecting  portions  of  the  ento-pterygoids,  and 
behind  by  the  pre-sphenoidal  attachments  of  the  latter.  In  the  Frog  they 
Open  between  the  ethmoidal  neura|K>physes  (*<  vomer"),  the  ento-ptery- 
goids  C  palatals"),  and  the  maxillaries. 

'We  again  approach  the  Mammalian  type  of  nasal  fossae,  through  the 
Tortoises,  Turtles,  and  Crocodiles. 

It  has  been  already  stated  that  the  anterior  nostrils  of  the  Chelonian 
i^ppear  to  possess  more  of  the  Ornithic  than  Manunalian  conformation. 
iHie  primordial  cartilaginous  lining  of  the  olfactory  fossae  project  in  some 


106  Proceedings  of  Societies. 

Turtles  through  the  anterior  nasal  opening  of  the  cranium  in  the  fonn  of 
a  double  proboscis.  The  posterior  nares  in  the  Tortoises  are  separated 
bj  the  combined  ento-ptery^oids  (upper  and  back  part  of  the  '*  yomer") 
and  are  bounded  hj  the  maxillaries  and  the  palatines,  the  latter  remaining 
open  or  ununited  across  the  vault  of  the  palate.  In  the  Turtles,  the 
vault  of  the  palate  and  the  posterior  nares  present  more  of  the  Mammalian 
aspect,  although  still  formed  essentially  on  the  type  of  the  corresponding 
parts  in  the  Bird.  This  is  effected  by  the  ethmoidal  neurapophyseal 
plates  (palatal  plate  of  the  *'  vomer"),  which  lie  somewhat  above  the  level 
of  the  vault  of  the  palate  in  the  Tortoises,  passing  down  into,  and  forming 
an  area  of  it  in  the  Turtles,  extending  from  its  posterior  margin  halfway, 
or  quite  up  to  the  intermaxillary  palate  plates.  In  the  latter  arrange- 
ment the  ethmoidal  area  is  hexagonal,  and  separates  the  palatal  plates  of 
the  maxillaries  from  one  another.  In  the  former  it  is  pentagonal ;  and 
the  palatal  maxillary  plates  meet  in  the  mesial  line  in  front  of  it.  The 
palatal  plates  of  the  palatines  are  more  or  less  developed  in  the  Turtles ; 
and  many  approach  one  another  at  the  free  margin  of  the  vault,  but  are 
always  separated  by  the  posterior  or  free  margin  of  the  ethmoidal  area. 

The  arrangement  of  the  vault  of  the  palate  in  the  Turtles,  and  the  pe- 
culiar Chelonian  configuration  of  the  pt^goids,  lead  to  the  very  remark- 
able combination  of  Ornithic  and  Mammalian  structure  presented  by  the 
nasal  fossae  and  palatal  vault  of  the  Crocodiles.  The  Mammalian  charac- 
teristics are  the  full  development  of  the  inter-maxillary  and  nasal  bones, 
with  the  extensive,  although  cartilaginous,  vomer.  The  vomerine  sclero- 
tome of  the  Crocodile  is  not  closed  anteriorly  as  in  all  the  other  Lacertians, 
in  the  Ophidians,  Amphibians,  and  Birds ;  but  presents  a  completely  per- 
forated catacentric  arrangement.  This  complete  form  of  the  vomerine 
necessitates  a  rhinal  sclerotome,  which,  accordingly,  feebly  represented 
in  the  Crocodiles  and  Alligators,  appears  to  be  more  fully  developed  in 
the  Gavials.  The  extensive  and  complete  Crocodilian  palatal  vault  is  only 
apparently  Mammalian,  it  is  partially  Ornithic  or  Chelonian  in  its  constitu- 
tion. As  in  the  Mammal  the  anterior  extremity  of  the  vault  is  formed  by 
the  pair  of  fully  formed  palatal  inter*  maxillary  plates.  Except  in  the  Alli- 
gators in  which  there  is  a  slight  intrusion  of  the  ento-ptery^oids,  the  pa- 
latal plates  of  the  maxillaries  meeting  along  the  mesial  Ime,  form  the 
second  and  most  extensive  area  of  the  palatal  vault  The  next  area  of 
the  vault  consists,  as  in  the  Turtles,  of  the  ethmoidal  neurapophyses  (the 
so-called  '*  palatals*'),  united  along  the  mesial  line,  and  much  elongated 
backwards.  The  posterior  margin  of  the  combined  ethmoidal  neurapo- 
physes of  the  Turtle  forms  the  central  part  of  the  tree  margin  of  the 
palate  ;  but  the  completion  in  the  Crocodile  of  the  deflected  outer  mar- 
gin and  central  ridge  of  the  pterygoids  into  a  double  tube,  or  pterygoidean 
prolongation  backwards  of  the  nasal  fossse,  produces  a  corresponding  elon- 
gation of  the  palatal  vault ;  which  accordingly  presents,  behind  its  ethmoi- 
dal, an  extensive  and  broad  pterygoidean  area,  which  thus  completes  the 
vault  behind,  as  in  certain  Cetacea  and  Edentata.  Among  the  Mammalia 
the  great  elongation  backwards  of  the  combined  maxillary  palatal  plates, 
the  corresponding  elongation  of  the  combined  ethmoidal  neurapophyses, 
and  the  great  breadth  of  the  pterygoidean  area,  have  displaced  the  palate 
bones  so  far  backwards  and  outwards,  that,  separated  from  the  ento- 
pterygoids  and  the  ethmoidal  neurapophyses  by  a  wide  chasm,  but  re* 
taining  their  connections  with  the  maxillaries  and  pterygoids,  and  coming 
into  contact  with  the  malar,  they  are,  in  fact,  extended  from  the  walla 
of  the  nasal  fossse,  and  from  the  palatal  vault,  and,  thus  disguised,  have 
been  hitherto  knovm  only  as  ''transverse  bones,"  **  adgustal  bones," 
••  pterygoides  extemes,'*  "  ecto-pterygoids." 
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The  NoBol  PoMoge  ef  th^  CyclostonKnu  F%$hes. — The  crdostomes 
differ  from  all  other  Fishes  in  possessing  a  tubular  passage,  which,  onening 
extemallj  aboye  the  otbI  disk,  passes  backwards  to  the  combined  olfactory 
capsules,  and  behind  which  it  terminates  in  a  cul-de-sac  in  the  Lamprey, 
but  in  the  Myzine  and  Bdellostoma,  oonununicates  with  the  alimentary 
and  respiratory  tract. 

The  form  and  arrangement  of  the  cartilages,  which  enter  into  the  for- 
mation of  the  walls  of  this  tubular  passage,  have  been  figured  and  minutely 
described  in  the  classical  memoirs  of  Joh.  Miiller,  on  the  Cyclostomous 
Fishes.  It  becomes  a  point  of  much  interest  to  ascertain  the  morpholo- 
gical character  of  this  tubular  passage,  and  to  determine  the  morpholo- 
gical relations  of  its  cartilaginous  elements. 

The  olfactory  capsules  of  the  Myxine,  Bdellostoma,  and  Lamprey,  are 
completely  fused  into  one  another  at  the  mesial  plane,  so  as  to  form  a 
single  chamber,  situated  immediately  in  front  of,  and  in  a  line  with,  the 
cranial  cavity.  The  common  olfactory  chamber  communicates  with  the 
cranial  cavity  by  two  orifices  perforated  in  the  fibro-cartilaginous  trans- 
verse septum,  for  the  passage  forwards  of  the  olfactory  nerves.  The 
olfactory  chamber  opens  below  into  the  naso-pharyngeal  passage.  In 
the  Lamprey  this  passage  is  membranous  throughout,  the  portion  in 
front  of  the  olfactory  chamber  lying  above  the  posterior  superior  oral 
shield,  its  posterior  portion  passing  back  between  the  base  of  the  cranium 
and  the  central  part  of  the  palatal  cartilage,  terminates  in  a  cul-de-sac  at 
its  pharyngeal  extremity.  In  the  Myzine  and  Bdellostoma  the  posterior 
portion  of  the  passage  is  a  membranous  canal  situated  between  the  base 
of  the  cranium  and  the  mesial  palatal  cartilage,  and  opens  posteriorly 
into  the  pharynx.  That  portion  of  the  naso-pharyngeal  passage  in  front 
of  the  olfactory  chamber  is  supported  above  and  laterally  by  a  series  of 
ten  cartilaginous  rings,  incomplete  below — ^thc  entire  arrangement  closely 
resembling  a  Mammalian  trachea.  The  membranous  floor  of  this  part  of 
the  passage  is  supported  by  the  anterior  portion  of  the  central,  and  the 
.transverse  junction  of  the  hiteral  palatal  cartilages,  and  in  front  by  the 
mesial  and  transverse  superior  oral  cartilages. 

The  morphological  constitution  of  this  remarkable  nasal  skeleton 
appears  to  be  similar  to  that  of  the  nasal  fosssB  of  the  higher  Yertebrata. 
The  olfactory  capsules  have  passed  inwards,  as  in  the  Bird  and  Reptile, 
so  that,  instead  of  projecting  from  the  sides  of  the  cranium,  like  the 
auditory  capsules,  uiey  occupy  the  space  of  the  corresponding  cranial 
segment.  The  incomplete  cartilaginous  rings  of  the  nasal  tube,  viewed 
in  their  relations  to  the  cranium  and  conjoined  olfactory  capsules,  are  in 
the  position  of  a  superadded  series  of  neural  arches,  similar  to  the  neural 
portions  0^  the  rhinal  and  vomerine  Mammalian  scleratomes,  destitute, 
oowever,  of  centrums,  but  supported  below  by  the  peculiarly  developed 
palatine  and  maxiUary  elements  which  have  passed  forwunl  beneath 
them.  The  entire  arrangement  presents  the  general  characters,  or  is 
developed  on  the  plan  of  the  nasal  fossas  of  the  Reptile,  Bird,  and  Mammal, 
with  the  additional  peculiarity  of  an  increase  in  the  number  of  constituent 
segments,  similar  to  that  which  apparently  exists  in  the  proboscidian 
Mammals. 

PosT-STOMAL  Cephalic  SCLEROTOMES.  —  Their  Central  and  Neural 
Elements. — ^As  the  discrimination  of  the  constituent  central  and  neural  ele- 
ments of  the  three  post-stomal  segments  of  the  skull  demands  a  constant 
reference  from  the  one  segment  to  the  other,  I  shall  examine  them  to- 
gether. Of  these  three  segments,  the  post-sphenoidal,  the  temporal,  and 
the  occipital,  the  second  has  not  hitherto  been  recognised  except  by  Cams, 
whose  system  includes  a  temporal  intervertebra. 
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Mj  attention  was  direeted  to  the  temporal  segment  of  the  cranium  bj 
the  remarkable  indications  of  it  presented  hy  the  human  skolL  The 
human  occipital  bone,  in  addition  to  that  upper  angular  portion  of  its 
squamous  plate,  which  presents  the  relations  of  the  interparietid,  ex- 
hibits all  the  characteristiscs  of  a  yertebral  centrum,  in  combination  with 
neura-  and  meta-neurapophjses.  The  inferior  articular  processes  of  this 
cranial  segment  are  largely  developed,  in  illation  to  the  atlas.  But  it 
has  not  b^n  hitherto  noted,  that  the  so-called  jugular  processes  are  in 
fact  its  upper  or  anterior  pair  of  articular  processes ;  and  that,  conse- 
quently, the  jugular  processes  on  the  posterior  margins  of  the  petrosal 
portions  of  the  temporals  must  be  the  zjgopophyses  of  the  succeeding 
cranial  segment.  These  occipital  and  temporal  jugular  articular  processes, 
like  the  corresponding  processes  in  the  column  below,  present  "distinct 
cartilaginous  articular  facets,  and  are  contiguous  to  the  '^  foramina  lacera 
posteriora"  or  '^  intervertebral  foramma,"  formed  bj  the  conjunction  of  the 
temporal  and  occipital  jugular  fosscei  and  which  transmit,  as  in  the  spine, 
vessels  and  nerves.  But  the  petrous  portion  of  the  human  temporal  bone 
has,  in  addition,  a  pair  of  distinct  pro-zygopophyses.  Thej  are  situated 
on  the  anterior  margins  of  the  petrous  portions  where  these  margins  form 
the  angles  with  the  squamous  portions,  in  which  are  situated  the  openings 
of  the  Eustachian  tubes.  The  articular  surfaces  of  these  processes  are 
perpendicularly  striated,  and  are  applied  against  correspondiug  surfaces 
of  tne  so-called  styloid  processes  or  the  sphenoid  at  the  posterior  angles 
of  its  great  wings.  These  ''styloid  processes"  are  therefore  the  zygo- 
pophyses  of  the  post-sphenoidal  sclerotome.  The  pro-zygopophyses  of 
the  post-sphenoidal  and  the  zygopophyses  of  the  pre-sphenoidal  may 
be  observed  at  the  forepart  of  the  pterygo-palatine  groove  in  the  foetal 
bone,  but  are  more  remarkably  developed  m  the  young  Ruminant ;  in 
which  also  may  be  observed  the  zygopophyseal  connection  of  the  pre«- 
sphenoidal  with  the  ethmoidal  neurapophyses. 

We  have,  therefore,  in  these  zygopophyseal  connections  distinct  evi- 
dence of  five  cranial  segments — an  etnmoidal,  pre-sphenoidal,  post-sphe(- 
noidal,  temporal,  and  occipital,  in  addition  to  the  vomerine  and  rhinal. 

For  the  further  development  of  this  subject,  the  cranium  of  a 
Oyprinoid  Fish  should  next  be  selected.  If  the  lateral  wall  of  the 
cranium  be  examined,  either  from  the  external  or  mesial  aspect,  five 
serially  arranged  neurapophyseal  plates  will  be  recognised,  connected 
to  one  another  by  four  distinct  zygopophyseal  •articulations.  These 
plates  are,  from  before  backwards,  the  so-called  '*  pre -frontal,"  the 
•'  cranial  ethmoid,"  the  "  orbito-sphenoid"  of  Owen,  the  **  ali-ephenoid" 
of  Owen,  and  the  lateral  accipital.  I  have  already  stated  the  grounds 
on  which  I  believe  we  must  look  upon  the  **  pre-frontaU"  of  the 
Fish  as  the  neurapophyses  of  the  ethmoidal,  and  the  **  cranial  eth- 
moid," as  the  combmed  neurapophyses  of  the  pre-sphcnoidal  neural 
arches.  If  so,  then^  the  succeeding  plate  must  be  the  "  all- sphenoid," 
and  not  the  <*  orbito-sphenoid,"  as  rrofessor  Owen  considers  it  to  be  ^ 
and,  therefore,  as  there  has  never  been  a  question  regarding  the 
lateral  occipital,  the  plate  interposed  between  the  latter  and  the  former^ 
as  it  has  all  the  characters  of  a  neurapophysis,  indicates  the  existence 
of  a  cranial  segment  between  the  post-sphenoidal  and  occipital.  I  shall 
not  at  present  aJllude  to  the  various  opinions  entertained  regarding  thb  plate, 
but  shall  merely  distinguish  it  as  the  inferior  temporal  neurapophysis. 

Proceeding  now  to  the  consideration  of  the  centrums  corresponding  to 
this  series  of  neurapophyses,  it  must  be  observed  that  in  no  osseous  Fish 
in  any  stage  of  development  have  more  than  three  osseous  pieces  been 
pbser?ed  in  the  basis  of  the  cranium  from  the  so-called  '*  vomer**  to  tho 
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''  bftti-occipital''  incladed.  The  assumed  "  connation''  of  the  oentmms  of 
the  pre-  and  post-sphenoids,  as  held  by  Professor  Owen,  has  at  present  no 
support  from  embryology;  the  missing  centrum  or  centrums  must, 
therefore,  be  accounted  for  otherwise  than  by  a  hypothetical  division  of 
the  "  basi-sphenoid.'*  Professor  Owen  appears,  indeed,  to  a  certain 
extent  to  adroit  this,  for  in  certain  Fishes  he  considers  the  symmetrical 
Y-shaped  ossicle  marked  in  his  diagrams  9\  and  superimposed  on  the 
pre-sphenoidal  process  of  his  basi-sphenoid,  as  the  central  port ;  while  that 
process  itself  he  holds  to  be  the  capsular  portion  of  the  ossified  notochord. 
^/That  mutual  elongation  and  overlapping  of  the  cranial  centrums 
ZOTmerly  alluded  to,  is  strongly  marked  in  Fishes,  the  sphenoidal  centrum 
being  dovetailed  into  and  elongated  beneath  the  occipital  behind,  and 
above  {he  ethmoidal  (*' vomer'*)  in  front.  The  manner  in  which  the 
anterior  elongated  portion  of  the  post- sphenoidal  centrum  of  the  Bird 
elevates  and  carries  on  its  upper  surface  the  compressed  pre-sphenoidal 
centrum,  has  already  been  stated ;  and  I  must  again  observe,  that  it  appears 
to  me  that  the  pre-sphenoidal  centrum  exists  in  certain  Fishes  only  in 
the  form  of  a  bar  of  cartilage — a  portion  of  the  '*  primordial  cranium  *' 
sitUfcted  on  the  upper  surface  of  the  anterior  prolongation  of  the  post- 
sphenoidal centrum,  and  terminating  on  the  upper  surface  of  the  ethmoidal 
centrum  or  so-called  "  vomer ;''  and  that  in  Fishes  with  an  **  ossified  orbital 
septum ''  or  "  cranial  ethmoid,''  it  is  to  be  recognised  in  the  half-ossified 
cartilaginous  mass  which  unites  the  right  and  left  plates  of  that  **  septum," 
and  which  have  been  already  indicated  as  its  corresponding  neurapophyses. 
The  pre-sphenoidal  is  an  undeveloped  centrum  in  the  Fish,  retaining 
more  or  less  of  its  *' primordial"  texture  and  form,  and  elevated, 
therefore,  above,  or  carried  inwards,  so  as  to  be  covered  by  the  fully 
developed  ethmoidal  and  post-sphenoidal  centrums. 

1  am  acquainted  with  no  example  of  a  fully  developed  temporal  centrum. 
It  is  represented  in  the  "  primordial  cranium "  by  the  quadrilateral 
cartilaginous  plate,  bounded  laterally  by  the  ear  capsules,  behind  by  the 
portion  corresponding  to  the  cartilaginous  lateral  occipitals,  and  in  front 
by  the  part  in  which  the  post-sphenoidal  centrum  first  appears.  In  all 
Tertebrate  animals  this  portion  of  the  basis  of  the  primordial  cranium  is 
of  great  comparative  extent,  and  is  encroacheid  upon  by  the  ad- 
Tsncing  ossification  of  the  occipital  and  post-sphenoidal  centrums  in 
modes  which  vary  in  the  different  vertebrate  forms.  In  Mammals, 
the  occipital  advances  into  it  at  the  expense  of  the  post-sphenoidal 
centrum.  In  Birds  and  Fishes,  the  post-sphenoidal  passes  more  back- 
wards. In  the  Reptiles,  the  two  centrums  appear  to  share  it  equally. 
In  all  the  forms,  1  believe  that  traces  of  the  intermediate  or  temporal 
centrum  may  be  detected,  either  in  the  cartilaginous  or  osseous  con- 
dition. In  Fishes,  more  or  less  of  the  primordial  cartilage  remains 
above  the  junction  of  the  occipital  centrum,  post-sphenoidal  centrum, 
and  temporal  neurapophyses  (*' petrosals"),  and  covered  more  or  less 
internally,  or  towards  the  cranial  cavity,  by  the  internal  prolongations  of 
the  occipital  centrum,  and  of  the  temporal  and  post-sphenoidal  neurapo- 
physes. The  peculiar  canal  for  the  muscles  of  the  orbit  existing  in  cer- 
tain fishes,  and  which  is  roofed  over  principally  by  the  '*  petrosals,"  or 
temporal  neurapophyses,  appears  to  be  hollowed  out  principaUy  in  the  pri- 
moidial  temporal  centrum,  and  to  be  lined  by  its  constituent  cartilage. 
The  peculiar  Y-shaped  bone  met  with  in  the  pike,  perch,  and  salmon, 
marked  9*  by  Professor  Owen,  and  ♦  by  Hallman,  and  considered  by  the 
former  as  that  portion  of  the  pre-sphenoidal  centrum  which  results  from 
tko  ossification  of  the  corresponding  central  portion  of  the  notochord,  ap- 
pears to  me  to  be  a  central  element ;  but  referable  rather  to  the  post- 
sphenoidal  or  temporal,  than  to  the  pre-sphenoidal  segment.    For,  in  the 
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first  plftoe,  it  maj  be  qnestioned  wfaethctr  the  ooida  domlb  of  fh^ 
¥iA  reachei  the  region  of  the  pie-sphenoid ;  and,  in  the  Moond  plaee,  ii 
I  am  oorreet  in  mj  detennination  of  the  uoit-tpbenoidal  and  tempond 
neurapophjaes  of  the  Fiah,  the  two  ascending  limbs  of  tiiis  bone  abut 
against  tnese  latter  elements,  and  are  not  stall  connected  with  the  pve-sphe- 
noidal  neorapophjses.  As,  moreoTer,  these  ascending  limbs  of  the  bone 
in  question  are  more  intimatelj  connected  with  the  bones  whlsli  Pro- 
fessor Owen  considers  to  be  the  aii-sphenoids,  bat  which  I  m«st  hold  to 
be  the  inferior  temporal  neorapophjses,  I  am  inclined  to  conceiTS  k  Mk 
oesified  portion  of  the  temporal  centrum.  ^ 

Wilii  regard  to  the  bone  termed  bj  Hallman  oa  innominatam,  wfaiBh  Ik 
snuill  but  well  marked  in  the  carp,  and  larger  in  the  peroh,  snA  winch 
Professor  Owen  considers  to  be  the  petrosal,  I  qnite  agree  with  him.  But 
while  I  do  so,  I  make  a  distinction  between  an  oasmed  portion  of  the 
aaditorr  capsule  and  the  bone  which  constitutes  the  oorreapondiBff  vemw- 
pophysis,  in  the  same  manner  as  I  find  mjself  compiled  to  amnit  the 
mdependent  existence  of  the  ethmoidal  neurapophjsis  and  the  oliketorf 
capsules,  whether  fibrous,  cartilaginous,  or  osseous,  and  the  corresponding 
independent  existence  of  the  Tanouslj  modified  scderotifls  and  the  orbito- 
sphenoids. 

Proceeding  now  to  the  examination  of  the  remaining  ekmeniM  of  the 
postpstomal  neural  arches  in  the  Fish,  I  would  observe  that  if  we  p«t 
aside  those  conceptions  of  the  constitution  of  the  arches  m  qneation,  de* 
rived  &om  preyious  study  of  the  cranium  of  the  Mammal,  the  constitution 
of  the  corresponding  arches  in  the  Fish,  which  natnrallj  suggests  itself, 
is  the  following  :— 

1.  Orer  the  occipital  centrum,  the  lateral  ocoipitali  and  the  external 
occipitals — as  two  pairs  of  neurapophyses ;  and  the  superior  occipital— hu 
a  single  metarnenrapophTses. 

2.  Over  tiie  position  of  the  temporal  centrum,  the  bones  termed  petro> 
sals  bj  the  continental  anatomists,  but  by  Professor  Owen  pelxosals  in 
tile  cod,  and  ali-«phenoids  in  the  carp,  and  over  these  the  mastoids,  these 
'*  petrosals"  or  **  ali-^henoids,"  along  with  the  mastoids — as  two  pairs  of 
neurapophysiB ;  and  the  contiguous  or  separated  bones  usually  termed 
**  parietals,"  as  a  divided  meta-neurapophysis. 

8.  Over  the  great  basi-sphenoid,  the  bones  termed  byProfesM)rOwiener« 
bito-sphenoids  in  the  carp,  and  ali-sphenoids  in  the  cod,  with  the  post-fW>n- 
tal&-««8  two  pairs  of  neurapophyses,  the  meta-neurapophyses  being  ubsent. 
^  Before  making  any  statements  in  support  of  this  view  of  the  conatitn- 
tion  of  the  post-stomal  neural  arches  m  the  cranium  of  the  osseous  Fish, 
1  would  direct  attention  to  the  corresponding  parts  in  the  other  Vertebrata, 
from  the  same  point  of  view. 

In  the  Bird  the  occipital  neural  arch  wants  the  exKHscipitals.  The  tem- 
poral ardi  possesses  no  centrum,  but  the  petrosals,  mastoids,  and  paaietals, 
ore  placed  one  over  the  other  as  two  pairs  of  neurapophyses  and  a  divided 
meta-neurapophysis.  The  post-spfaenoidal  centrum  is  surmounted  by  the 
post-ephenoidal  wings  and  the  feebly-developed  post-fiontals — as  two 
pairs  of  neurapophyses;  while  the  meta-neurapophysis  is  deficient. 

In  the  Crocodiles,  the  occipital  arch,  as  in  the  Birds,  has  lost  the  upper 
pair  of  neurapophyses.  The  temporal  centrum  is  not  developed,  but  tha 
two  pairs  of  neurapophyses,  and  an  undivided  meta-neurapophyses— the 
petrosals  (all- sphenoids  of  Owen),  mastoids,  and  so-called  parieta! — fytm  a 
continuous  arch.  The  post-sphenoidal  centrum  is  again  found  to  carry 
two  pains  of  neurapophyses,  the  g^at  sphenoidal  wings  (orbito-sphenoida 
of  Owen),  and  the  post-frontals.    The  meta-neurapophysis  is  missiDg. 

In  the  l!helonians,  the  occipital  arch  consists  of  one  pair  of  neurapo- 
physes  and  a  meta-neurapophysis  surmounting  a  centrum.    The  teair 
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pond  oentrom  is  not  developed.  The  inferior  pair  of  nenrapopbysee,  the 
80-ealled  ez-occipitals,  abut  externally  against  the  mastoids,  and  are  thus 
ooaneoted  with  the  largely  deyeloped  so-called  '*  parietals/'  These 
''  parietals*'  not  only  form  a  large  part  of  the  cranial  and  temporal  yaults, 
bnt  send  down  laminsB  to  rest  on  the  pterygoids,  and  thus  enter  into  the 
formation  of  the  lateral  walls  of  the  craniiS  cavity  in  front  of  the  post- 
sphenaidal  wings.  Above  the  post-sphenoidal  centrum,  the  post-sphe- 
iy>idal  wings  and  the  post-irontals  rise  in  connection  with  one  another,  as 
two  pairs  of  neurapophyBOs,  but  the  meta^neurapophysis  is  again  wanting. 
In  the  Ophidians,  the  occipital  centrum  is  again  surmounted  bv  one 
pAir  of  neurapophyses  and  a  meta-neurapophysis.  The  temporal  cen- 
trum has  dlsappearod  behind  the  basi-sphenoid  ;  but  the  well- developed 
BOTcaUed  **  petrosals,'*  the  ali-sphenoida  of  Professor  Owen,  are  sur- 
mounted by  the  elongated  and  nearly  extruded  mastoids ;  whUe  the  single 
meta-neurapophysis,  the  undivided  ^  parietal,'*  is  so  largely  developed, 
that,  passing  down  as  in  the  Chelonian  to  the  basis  of  the  cranium,  it  rests 
upon  the  pMi-sphenoidal  centrum  over  a  great  extent  in  front  of  its  own 
neurapophyses,  so  as  altogether  to  obliterate  the  post-sphenoidal  winff. 
Tha  posirsphenoidal  centrum  is  there  cutoff  from  the  post-frontals,  whiw 
constitute  the  only  remaining  elements  of  its  neural  arch. 

In  the.  Laoertians,  the  occipital  centrum,  with  its  pair  of  neurapophyses 
aind  single  neurapophysis,  is  followed  by  a  temporal  arch,  without  a  cen. 
trum,  but  with  two  pairs  of  neurapophyses,  "  petrbsala,"  and  mastoids, 
and  an  undivided  meta-neurapophyeis  or  *'  parietal,''  generally  sinele  in 
front,  but  pxojectinff  backwards,  with  the  mastoids  on  each  side  benind. 
The  post-sphenoidal  centrum  is  not  surmounted  by  all-sphenoids,  except 
the  parietal  columella  represent  these  elements.  The  post-fxontals  agam 
apnear ;  but  without  a  corresponding  meta-neurapophysis. 

In  tikD  Frogs,  the  occipital  centrum  and  the  corresponding  meta-neora- 
pophysea  Imve  disappeared ;  a  siogle  pair  of  neurapophyses  constituting 
the  sols  osseous  elements  of  the  arch.    The  temporal  centrum  appears  in 
the  primordial  cartilage  which  extends  across  on  the  upper  surface  of  tiie 
posterior  part  of  the  much-elongated  *'  basi-sphenoid,"  and  between  the 
oartilaginotts  auditory  capsules.    The  latter  are  intimately  connected  to 
tfie  inferior  temporal  neurapophyses,  the  ali-sphenoids  of  Professor  Owen, 
with  which  feebly  developed  mastoids  or  superior  neurapophyses  are  con- 
joined;  the  whole  being  surmounted  by  tne  greatly  developed  antero- 
posteriorly  elongated  so-called  **  parietals,"  which  dip  down  slightly  at  their 
fl^argins,  in  front  of  the  temporal  re^on  towards  the  "  basi-sphenoid,"  as 
in  the  Chelonians  and  Ophidians.    The  portions  of  the  postsphenoidal 
wings  and  the  postrfrontals  are  occupied  by  fibrous  texture ;  the  "  basi- 
q[>]ienoid"  or  post-sphenoidal  centrum  extending  forwards  below ;  and  the 
*' parietals''  taking  the  plaoe  of  the  deficient  meta*neurapophyses. 

The  preceding  view  ofthe  arrangement  of  the  centrums  and  neural  arches 
of  the  post-stomal  sclerotomes  of  we  lower  forms  of  cranium,  is  that  which 
would  appear  naturally  tosuggest  itself  to  a  mind  uninfluenoedby  the  arrange** 
jnant  of  tne  c(»nesponding  region  of  the  Mammalian  skulL  It  is  assumed 
ihronghout,  that  there  are  more  or  less  complete  cartilaginous  or  osseous 
ouditary  capsules  in  addition  to  corresponding  neurapophyses ;  and  that 
these  neqrapophyses  are  not  post-sphenoidaL  but  temporal,  as  evinced  by 
t^eir  xygapophyseal  connections  in  the  human  cranium.  No  reference  has 
|)ean  made  to  the  relations  ofthe  contested  "  petrosals"  and ' '  ali-sphenoid^' 
to  the  fifth  nerve,  because,  while  the  fundamental  relation  of  that  nerve  to 
tli^  pos^phenoidal  sclerotome  is  admitted,  the  divisions  of  the  nerve  ez- 
hibit  the  same  tendency  to  vary  in  their  points  of  exit,  as  is  presented 
l^y  ihB  other  cerebral  nerves ;  moving  backwards  more  or  less  across  the 
co^yjoapanding  neurapophyses,  and  notching  or  perforating  the  nemsafo* 
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physes  behind.  In  fact,  until  a  more  minute  investigation  of  the  develop- 
ment of  the  cranium  in  its  relations  to  the  cerebral  nerves  has  afforded 
some  explanation  of  the  varied  relations  of  these  parts  in  the  series,  we 
cannot»  m  mj  opinion,  attach  much  weight  to  the  determination  of  a 
"  petrosal"  or  an  *' ali-sphenoid*'  by  means  of  their  relations  to  tho 
trigeminal  nerve. 

Proceeding  now  to  the  examination  of  the  post-stomal  centrums  and 
neural  arches  of  the  Mammalian  cranium,  let  the  Human  skull  be  selected 
for  examination.  The  occipital  centrum  is  surmounted  bj  a  pair  of 
neurapophyses  and  a  double  meta-neurapophjsis.  But  again,  surmount- 
ing the  meta-neurapophjses  there  is  a  double  piece,  which  occasionally 
remains  permanently  separate  from  the  "  occipital  bone."  This  double 
piece,  or  pair  of  bones,  present  the  relations  of  the  interparietal  bones  in 
lower  Mammalia.  They  may  extend  laterally  to  join  the  **  mastoids,"  or 
they  may  be  connected  to  the  latter  by  a  more  or  less  continuous  chain  of 
"  triquetral  bones'*  in  the  line  of  the  lambdoidal  suture. 

The  zygapophyseal  attachments  of  the  ''  petrous  portions  of  the 
temporal  bone  indicate  these  masses  to  be  neurapophyses  enveloping  the 
ossified  auditory  capsules.  Keeping  out  of  view  the  "squamous," 
"tympanic,"  and  **  styloid'*  portions  of  the  ** temporal  bones,"  the 
"mastoidal  portions"  become  early  and  intimately  connected  with  the 
"  petrous  portions."  Commencing  with  tho  '*  petrous  portions,"  as  an 
interior  pair  of  temporal  neurapophyses,  they  are  surmounted,  as  in  the 
lower  Yertebrata,  by  the  "mastoidal  portions"  as  a  second  pair  of 
neurapophyses,  while  the  arch  is  closed  by  the  double  element  which 
forms  the  upper  angle  of  the  "  occipital  bone,"  as  a  meta-neurapophysis. 
There  are  well-marked  indications  of  a  temporal  centrum  in  the  human 
cranium.  The  irregularly  truncated  apices  of  the  "  petrous  portions," 
directed  obliquely  forwards  and  inwards,  are  continuous,  by  means  of  the 
fibro-cartilaginous  remains  of  the  basis  of  the  "  primordial  cranium," 
which  occupy  the  "  foramina  lacera  media,"  with  the  indrned  plate  of 
bone  which,  in  the  plane  of  the  **  basilar  process  of  the  occipital "  or 
occipital  centrum,  forms  the  back  part  of  the  "body  of  the  sphenoid," 
including  the  "posterior  clinoid  processes."  This  plate  of  bone  is 
frequently  surrounded  by  a  deep  groove,  the  posterior  part  of  which  lodges 
the  *'  transverse  venous  sinus,"  and  1  have  seen  it  nearly  detached. 

The  feebly  developed  post-frontals  in  the  Bird  have  disappeared  in  the 
Mammal,  so  that  the  post-sphenoidal  centrum  is  surmounted  by  the  "  ali- 
sphenoids,"  as  a  single  pair  of  neurapophysis  ;  and  by  the  enormously 
expanded  double  meta-neurapophysis  m  the  Human  subject,  or  the  less 
developed  form  of  parietals  in  the  Mammalia  generally. 

The  fundamental  facts  on  which  the  preceding  determination  of  the 
comparative  constitution  of  the  post-stomal  neural  arches  of  the  cranium 
depends,  are  the  zygopophyseal  connections  of  the  human  "  petrosals." 
If  the  "  petrosals"  even  m  one  species  can  be  proved  to  present  the  cha- 
racters of  neurapophyses,  the  sclerotome  to  which  they  belong  must  exist 
in  addition  to  those  to  which  the  "  ali-sphenoids"  and  "  orbito-sphenoids" 
are  referable.  The  existence  of  temporal  neurapophyses  explains  tho 
existence  of  interparietal,  in  addition  to^parietal  bones  in  the  Mammal; 
both  of  these  meta-neurapophyses  taking  part  in  the  protection  of  the 
developed  cerebrum ;  while  the  non-appearance  of  the  anterior  or  spheno- 

1)arietal  in  the  Bird,  Reptile,  and  Fish,  accords  with  the  complete  deve- 
opment  of  the  posterior  or  temporo-parietal,  repressed  in  the  former  by 
the  influence  of  the  cerebrum,  and  by  the  full  development  of  the  ethmoido- 
frontal.  I  base  my  determination  of  the  separate  existence  and  recipro- 
cal development  of  ethmoido-frontals  and  spheno-frontals,  of  spheno-parie- 
tils  and  temporo-parietals,  not  only  on  my  analysis  of  the  bones  them- 
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Belres  in  the  series,  but  also  on  the  evident  reciprocal  influence  which  the 
superimposed  cerebral  mass  in  the  Mammal,  and  the  bulky  organs  of 
sense  and  uncovered  sense-ganglions  of  the  lower  Vertebrata  have  on  the 
cranisd  neural  arches.  I  believe  also,  that  in  this  as  in  other  departments 
of  inquiry,  we  are  apt  to  look  for  greater  simplicity  and  uniformity 
in  details  than  actually  exist.  The  simplicity  of  natural  law  consists  in 
the  comprehensiveness  of  its  general  principles.  In  tracing  these  princi- 
ples into  details,  the  complexity  is  found  to  be  infinite. 

The  HoBmal  Arches  of  the  Fost-Stomal  Cephalic  Sclerotomes. — The 
clue  by  means  of  which  we  can  alone  be  safely  guided  to  the  morphologi- 
cal constitution  of  these  arches,  in  the  midst  of  the  varied  complexity 
which  they  present  to  the  comparative  anatomist,  is  afforded  by  embryo- 
logy. TheluBmal  arches  of  the  post-stomal  sclerotomes  are  developed 
each  in  the  corresponding  pair  of  *'  visceral  laminse."  By  endeavouring 
to  ascertain,  therefore,  in  which  of  these  post-stomal  "  visceral  laminss^ 
the  sclerous  elements  of  the  varied  forms  of  the  post-stomal  haemal 
arches  are  originally  formed,  the  morphological  constitution  of  the  indi* 
vidual  hsemal  arches  may  reasonably  be  anticipated.  If,  again,  I  am 
correct  in  my  determination  of  the  constitution  of  the  pre-stomal  sclero- 
tomes, the  idlocation  of  the  individual  post-stomal  haemal  arches  to  their 
proper  centrums  and  neural  arches  follows  as  a  matter  of  course. 

From  the  observations  more  particularly  of  Rathke  and  Reichart,  the 
formation  of  the  osseous  elements  of  the  post-stomal  haemal  arches  in 
the  **  visceral  laminae/'  is  preceded  in  each  by  a  more  or  less  distinct 
and  continuous  cartilaginous  streak  or  band.  Rathke  found  seven  pairs 
of  these  cartilaginous  streaks  loosely  connected  to  the  basis  of  the  embryo 
head  of  the  Blennius  viviparus  and  corresponding  to  the  mandibular, 
hyoidcan,  first,  second,  third,  and  fourth  branchial  and  pharyngeal  arches. 
In  the  Adder  the  same  indefatigable  embryologist  and  comparative  anato- 
mist found  a  cartilaginous  style,  with  a  process  directed  forward  in  the 
position  of  the  maxUlary,  palate,  and  pterygoid  bones,  embedded  in  the 
nrst  visceral  lamina  and  its  "  superior  maxillary  process,"  and  attached 
to  the  side  of  the  basis  of  the  primordial  cranium  in  front  of  its  auditory 
region ;  a  similar  style  lay  in  the  second  visceral  lamina,  and  was  firmly 
attached  to  the  base  of  the  cartilaginous  cranium  behind,  and  external  to 
the  auditory  capsule ;  a  third  style  lay  in  the  third  visceral  lamina,  and 
was  also  firmly  attached  like  a  rib  to  the  occipital  region  of  the  primor- 
dial cranium.  Similar  primordial  haemal  arches  have  been  found  by 
Iteichart  in  the  visceral  laminae  of  the  Mammal  and  Bird,  and  by  numer- 
ous observers  in  the  Amphibia.  It  is  important  to  observe  again  at  this 
point,  that  the  relations  of  all  these  seven  pairs  of  primordial  haemal 
arches  are  similar.  Firstly,  all  the  visceral  laminae  m  which  they  are 
developed  appear  to  consist  of  the  serous,  vascular,  and  mucous  layers 
united ;  secondly,  the  cartilaginous  streaks  are  formed  towards  their  inner 
surfaces,  under  the  mucous  layer ;  thirdly,  the  heart  and  vascular  arches 
are  on  their  exterior,  under  the  serous  layer. 

First  Post'Stomal  HcBmal  Arch, — The  constitution  of  this  arch  must 
be  determined  by  the  examination  of  the  development  of  the  first  post- 
stomal  visceral  lamina.  It  has  been  already  stated  that  the  process  usu- 
ally considered  as  the  upper  part  of  the  so-called  **  first  visceral  lamina" 
is,  if  its  general  relations  be  taken  into  account,  the  posterior  pre-stomal 
viscend  lamina  in  which  the  pre-sphenoidal  haemal  arch  is  developed. 

The  cartilaginous  streak  m  the  first  post-stomal  visceral  lamina  of 
the  Mammal  divides  into  two  portions.  The  superior  and  smaller  of  the 
two  becomes  the  incus.  The  long  inferior  portion  is  the  cartilage  of 
Meckel;  around  the  lower  part  of  which  the  corresponding  half  of  the 
lower  jaw  is  developed ;  the  upper  part  forms  the  slender  process  and  the 
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hud  of  the  malleuB.  Am  the  Sostaeliiaii  tube,  tbe  tjmpaiiiim,  and  the  em» 
temal  auditory  paMaffe,  oonaist  of  the  persistent  apper  portion  of  the  fint 
Tiaowal  deft,  the  cartilage  of  the  Eustachian  tube,  and  the  tympanic  bone, 
which  are  continuous  with  one  another,  and  form  the  floor  of  these  three 
apaces,  are  deyeloped  in  blastema  deposited  near  the  upper  extremitjr  of 
the  deft.  This  blastema  also  forms  the  membrane  of  the  tympanum,  into 
whish  the  handle  of  the  malleus  shoots.  It  is  to  be  obseryed  that  tkia 
lower  jaw  and  tympanic  bone  do  not  originate  in  the  primordial  oartilagi- 
nous  streak,  but  in  blastema  deposited  around  it.  The  tympanic  bone 
forms  at  first  an  inyerted  arch  across  the  yisceral  deft,  or  a  ring  iujcom- 
plete  aboye,  which  supports  the  membrane  of  the  tympanum  on  the  outer 
side  of  the  ottenuatea  portion  of  Meckel's  cartilage,  which  connects  the 
malleus  to  the  inner  side  of  the  jaw.  It  then  extends  inwards,  so  as  to 
form  the  floor  of  the  tympanum  and  Eustachisn  tube,  folding  up  before 
and  behind,  and  thus  inclosing  the  incus  and  malleus  leayes,  the  latter 
fonnected  to  the  jaw  through  the  tympanic  fissure. 

The  deyelopment  of  the  ^ni  nost-stomal  yiweral  lamina  appears,  there- 
fore, to  indicate  at  least  four  elements  on  each  side  of  the  mandibular 
haemal  arch  in  the  Mammal.  The  tympanic  element  is  probably  oom» 
plez ;  the  mandibular  consists  of  at  least  two  portions,  one  on  the  outer,  the 
other  on  the  inner  side  of  the  corresponding  portion  of  Meckel's  cartilage. 

In  the  Bird  the  omoid  and  palate  bones  are  formed  like  the  pterygoid 
and  palate  bones  of  the  Mammal,  in  the  so-^salled  *'  superior  mauUsiy 
process."  In  the  nroper  first  post-stomal  yiaceral  lamina,  the  primordial 
oartilaginons  streA  diyides,  as  in  the  Mammal,  into  two  portions.  The 
upper  and  smaller  of  the  two  becomes  the  quadrate  bone ;  the  lower  and 
longer  portion — Meckel's  cartilage — becomes  enyeloped  in  the  correspond- 
ing half  of  the  lower  jaw ;  but  instead  of  the  upper  end  of  this  portion 
forming  the  dender  process  of  a  malleus,  it  remains  as  the  peculiarly- 
fcrmed  articular  piece  of  the  jaw  itself.  The  original  intimate  connection 
of  the  rudiment  of  the  pterygoid  bone,  in  the  so-called  **  superior  maxil- 
lary process,"  with  the  upper  or  incudal  portion  of  the  primordial  carti* 
laginotts  streak  of  the  first  post-stomal  yisoeral  lamina  of  the  Mammal, 
speedily  diminishes ;  but  in  the  Bird,  not  only  does  the  pterygoid  or 
omoid  bone  rapidly  increase  in  relatiye  size  and  configuration  ;  but  the 
quadrate  portion  of  the  first  yisceral  streak  does  so  likewise.  The  latter 
also  exhibits,  attached  to  its  outer  side,  as  the  omoid  is  to  its  internal  pro- 
cess, a  styliform  osside,  the  rudiment  of  the  quadrate-jugal  bone,  which 
again  is  connected  anteriorly  to  the  jugaL 

Reiohart,  who  has  minutely  described  and  figured  the  deyelopment  of 
this  yisoeral  lamina  in  the  Bird,  makes  no  aUnsion  to  the  remarkable  in* 
dication  which  it  aflbrds  of  the  sisnification  of  the  quadrate  bone,  and 
articular  piece  of  the  lower  jaw.  It  aflbrds,  as  it  appears  to  me,  suffident 
eyidence  that  the  quadrate  bone  of  the  Bird  is  the  homolo^e  of  the  Maa^* 
malian  incus,  and  that  the  articular  piece  of  its  lower  jaw  is  the  homo- 
logue  of  that  ossified  portion  of  the  upper  end  of  Meckel's  cartilage,  which 
in  the  Mammal  forms  the  slender  process  of  the  malleus. 

The  quadrate  bone  has  been  hitherto  oonddered  as  the  homologue  of 
the  tympanic  bone  in  the  Mammal,  not  only  from  the  proximity  of  the 
latter  to  the  condyle  of  the  jaw,  but  chiefly  from  its  presumed  absence  in 
the  skull  of  the  Bird.  But  there  appears  to  me  to  be  sufficient  eyidenoe 
of  its  exuBtenoe,  not  only  in  the  fi  bro-cartilaginous  frame  which  connects 
the  margin  of  the  tympanic  membrane  to  the  mastoid,  lateral  oodpital, 
and  basi-sphenoid,  but  more  particularly  in  the  thin  well-defined  lamina  of 
bone,  whidi,  apparently  united  to  its  fellow  of  the  opposite  side,  forms  the 
floor  of  the  tympanic  cellular  space  in  the  broad  posterior  portion  of  the 
bad'Sphenoid.   As  these  apparently  united  laminse  are  oontiauoua  with  the 
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«iag]e4ssrti]agkiaii0  Ensiaeluaii  tobe,  below  tiie  ikigle  «r  donlile  mMooa 
Bustadboan  orifice,  I  am  iaduoed  to  beliere  that  tkey  will  torn  oat  to  be 
the  feebly  dereloped  representatiTefl  of  the  tjmpsiiic  bones  of  the  ManuaaL 

By  a  Terj  beautiful  analysis  Professor  Owen  has  proTed  that  the 
qnadrate-jugal  bone  of  the  Bird  is  the  homologue  of  the  squamous  portion 
of  the  Mammalian  temporaL  I  cannot,  howerer,  give  my  assent  to  his  de- 
termination of  its  special  homology,  as  a  portion  S[  tiie  subdiyided  radiat- 
ing appendage  of  the  maxillary  arch.  Its  relations  in  l^rds  and  Ooeo- 
ditos,  in  which  it  presents  all  its  fundamental  connections,  appear  to  me 
to  ihow  that  it  is  an  anterior  aetinapophysis  of  the  mandiDular  arch ; 
passing  forwards  to  abut  against  the  nuuar,  whioh  I  have  already  stated 
to  be  a  posterior  actinapophyBis  of  the  ethmoidal  hssmal  arch,  or  as  in 
the  Laoertians  against  ^e  post-frontak.  The  squamous  portion  ef  the 
quadrate- jueal  bone  is  a  Mammalian  superaddition,  to  adapt  it  to  the  part 
it  takes  in  &e  formation  of  the  cranial  wall.  It  is  withdrawn  theretbm 
from  the  quadrate  or  incudal  portion  of  the  mandibular  arch  (which  por- 
tion diminishes  relatively),  and  passes — as  the  entire  bone  does  in  the 
Lizards—upwards  to  be  oonnectBd  with  the  cranial  walL  The  develop- 
ment of  the  first  post-stomal  viMseral  lamina  in  the  Bird  afqpears  there- 
fore to  afford  evidence  that  the  mandibular  hssmal  areh  in  the  Bird  and 
Mammal  includes  a  tympanic  element,  a  quadrate  or  incudal,  a  raaUeal 
or  artiealar,  and  the  elements  of  the  corresponding  side  of  the  lower  jaw. 

On  the  same  grounds  I  am  inclined  to  believe  that  the  articular  piece 
of  the  lower  jaw  of  the  Reptile  and  Amphibian  is  malleal  like  the  cotre- 

Sondinff  piece  in  the  Bird,  and  not  the  homologue  of  the  condyle  of  the 
ammauan  jaw.  They  are  all  malleal  portions  of  Mockers  eartilage 
retained  in  connection  with  the  jaw.  In  like  manner,  I  am  inclined  to 
beHeve  that  the  so-called  tympanic  bone  of  the  Reptile  and  Amphibian, 
like  the  quadrate  or  so-called  tympanic  bone  of  the  Bird,  is  not  the  ho- 
mologue of  the  tympanic  bone  in  the  Mammal,  but  of  the  incus.  The 
incus  of  the  Mammal  has  been  set  free  &om  its  ftmdamental  quadrate- 
jugal  and  pterygoid  connections  to  co-operate  with  the  similarly  released 
malleue  in  the  economy  of  the  ear.  The  absence  of  proper  tympanic 
bones  in  the  Reptile  and  Amphibian  is  explained  by  the  absence  or 
feeble  development  of  the  tympanic  cavity.  I  am  inclined  to  think,  how- 
ever, that  traces  of  them  may  be  detected  under  and  between  the  basi-i^fae- 
noid  and  occipital  of  the  (Crocodile,  in  the  walls  of  those  canals  which  con- 
nect, as  Professor  Ow^i  has  shown,  by  a  common  tabular  communication, 
the  sella  turdca  and  the  tympanic  cavities  with  the  basis  of  the  cranium. 

The  tymnanic  systems  and  lower  jaw  of  the  osseous  Fish  form  together 
a  well-marked  hsemal  areh,  developed  in  the  first  post-stomal  visceral 
lamina  of  the  embryo.  From  what  has  already  been  stated  regarding  the 
aelerons  elements  which  result  from  the  development  of  this  viscoral 
lamina  in  the  other  vertebrata,  Professor  Owen's  view  of  the  tympanic 
system  of  the  osseous  Fish,  as  the  teleologically  divided  homologue  of  the 
quadrate  bone  of  the  Bird,  and  tympanic  bone  of  the  Reptile,  would  ap- 
pear to  require  additional  evidence.  We  are  not  yet  in  possession  of 
materials  for  a  rigorous  determination;  but  it  appears  extremely  pro- 
bable that  the  tympanic  bones  of  the  osseous  Fi^  are  morphologrioal,  as 
well  as  teleological  elements.  If  the  articular  piece  of  the  lower  jaw  be 
asamwed  as  ihe  malleal  portion  of  the  persistent  cartilage  of  Medcel,  the 
hypo-tympanic  occupies  the  position  of  the  incudal  element,  connected,  as 
usual,  with  the  pterygoid.  The  epi-tympanic  is  in  the  position  ^of  -the 
proper  tympanic  element  of  the  Mammal,  while  the  pre-tympanio,  in 
its  relations  to  t^e  hypo- tympanic  and  pterygoid,  closely  resembles  the 
qmadrate-jugal  or  synamosal. 

The  opercular  bones  form  on  each  side  of  the  mandibular  arch  «  series 
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of  actinapopliTseal  elements,  which,  from  the  view  already  taken  of  raeh 
elements,  would  appear  to  be  posterior,  as  the  quadrate-jugal  or  squamosal 
is  anterior  in  relation  to  the  sclerotome.  With  regard  to  any  traces  of 
these  opercular  or  actinapophyseal  elements  in  the  mandibular  hsemal 
arch  of  the  higher  vertebrata,  I  must  agree  with  Cams  in  considering 
the  cartilages  of  the  external  ear  in  the  Mammalia  as  homologous  with 
them.  The  objection  of  Rathke  to  this  determination  of  Carus — ^that  the 
cartilage  of  the  concha  is  attached  to  the  tympanic  bone  so  as  to  be  situ- 
ated at  the  back  of  the  auditory  foramen,  that  is,  at  tha  posterior  mar- 
gins of  the  first  yisceral  cleft — appears  to  me  to  be  met  by  taking  into 
account  the  peculiar  curved  form  which  the  tympanic  element  assumes 
in  passing  from  before  backwards  across  the  cleft. 

The  allocation  of  the  mandibular  hsemal  arch  to  the  posi-sphenoidal,  or 
first  post-stomal  sclerotome,  follows  from  the  analysis  already  made  of 
the  pre-stomal  sclerotomes. 

Tke  Second  and  Third  Post-Stomal  Hosmal  Arches, — ^As  the  re- 
searches, more  especially  of  Rathke  and  Reichart,  on  the  development  of 
the  first  visceral  lamina,  afford  a  due  to  the  constitution  of  the  corre- 
sponding haemal  arch ;  the  labours  of  these  observers  in  like  manner  indi- 
cate the  nature  of  the  second  and  third  arches.  These  arches  are  de- 
veloped in  the  second  and  third  visceral  laminae,  and,  from  the  varied 
forms  which  they  present  in  the  series,  could  only  have  been  determined 
by  an  appeal  to  embryology. 

In  the  Mammal  the  primordial  cartilaginous  streak  in  the  second  visce- 
ral lamina,  and  which  is  attached  superiorly  to  the  auditory  region,  di- 
vides into  segments,  the  uppermost  of  which  becomes  the  stapes  ;  while 
the  succeeding  become,  in  succession  with  the  intermediate  soft  portions, 
the  ''stapedius  muscle,"  the  pyramid  and  its  prolongation  downwards,  the 
styloid  process,  the  stylohyoid  ligament,  and  the  series  of  sclerous  ele- 
ments which  terminates  below  in  the  anterior  horn  of  the  hyoid. 

The  primordial  cartilaginous  streak  in  the  third  visceral  lamina  is  at- 
tached to  the  occipital  region,  breaking  up  into  four  segments  ;  the  two 
upper  disappear ;  the  two  lower  become  respectively  the  posterior  horn 
and  corresponding  half  of  the  body  of  the  hyoid. 

In  the  second  visceral  lamina  of  the  Bird,  in  like  manner,  the  auditory 
columella  is  developed  superiorly,  and  the  feeble  anterior  horn  of  the 
hyoid  below,  while  the  elements  of  the  suspensory  or  posterior  horn  of  the 
hyoid  are  formed  in  the  third  visceral  lamina.  The  fibrous  septum  of 
the  tongue  and  the  epiglottis  of  the  Mammal  make  their  appearance  in  the 
line  of  junction  of  the  second  and  third  visceral  laminse.  The  respective 
share  taken  by  these  two  laminse  in  the  formation  of  the  so-called  basi- 
glosso-  and  uro-hyals  in  the  Bird  remains  to  be  determined. 

The  precise  observations  of  Rathke  have  shown  that  the  lateral  halves 
of  the  feebly-developed  hyoid  of  the  Ophidian  are  formed  by  the  lower 
portions  of  the  primordial  cartilaginous  streaks  of  the  second  pair 
of  visceral  laminae,  while  the  auditory  columellae  are  formed  in  their 
upper  portions.  Rathke  also  found  that  the  primordial  cartilaginous 
streaks  of  the  third  pair  of  visceral  laminae,  and  which  are  attached  to 
the  occipital  region,  disappear  altogether. 

There  are  no  embryological  observations  in  sufficient  detail  to  indicate 
the  morphological  relations  of  the  more  or  less  complex  hyoid  apparatus 
in  the  Chelonian  and  Lacertian.  The  so-called  hyoid,  or  suspensory 
arch  of  the  branchial  apparatus  in  the  Amphibia  is  developed  in  the 
second  pair  of  visceral  laminse.  The  corresponding  arch  in  the  Tadpole, 
and  the  anterior  or  suspensory  horn  of  the  so-called  ** hyoid''  of  the 
Frog,  are  also  developed  in  this  pair  of  visceral  laminie.  The  suspensory 
arch  of  the  branchial  apparatus  is  attached  to  the  quadrate,  or  so-called 
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"  tympaaio  "  pieoe  ef  the  mandibular  ai^,  and  not  to  the  bate  of  thte 
eranimn.  Ridhke  had  observed  a  filament  extending  between  the  auditory 
region  of  the  eraBiom  and  the  quadrate  eaartilage  of  the  Tadpole,  fie 
found  that  the  so-ealled  "  malleus  and  incus"  are  developed  in  this  iilament. 
Aeeording  to  Reichart,  this  filament  appears  to  be  the  upper  part  of  the 
second  primordial  cartilaginous  streak,  which,  in  consequence  of  tke 
peculiar  manner  in  which  it  curves  forward  superiorly  towards  the  quadrate 
cartilage  (a  curvature  of  the  same  kind  towards  the  quadrate  bone 
has  b^n  observed  by  Rathke  in  the  Adder),  becomes  attached  to 
it.  In  consequence  of  this  attachm^it,  the  hyoidean  arch  becomes  sua- 
pmded  to  the  quadrate  portion  of  the  mandibular ;  and  the  upper  portion, 
between  the  quadrate  cartilage  and  the  auditory  region  of  the  skull,  be- 
comes ccmverted  into  those  elements  in  the  Frog,  which  have  their  home- 
Jogues  in  the  stapes  of  the  Mammal,  and  the  columella,  with  its  cartOagi- 
nous  extremities,  in  the  Bird  and  Reptile. 

As  the  cartilaginous  tomchial  arches  of  the  Tadpole,  and  of  the  other 
Amphibia,  are  formed  in  the  succeeding  visceral  laminae,  it  would  appear 
to  rollow,  as  a  necessary  consequence,  that  the  suspensory  or  hyoidean 
iBONsk  of  the  Amphibian,  with  its  inferior  mesial  element,  and  along  with 
the  auditory  ossicles,  is  homologous  with  the  anterior  or  suspensory  part  of 
ihe  hyoid,  along  with  the  stirrup-bones  in  ihe  Mammal,  and  with  the  cor- 
responding structures  in  the  Bird  and  Serpent ;  and  that  the  first  branohial 
arcn  of  the  Amphibian,  with  its  corresponding  inferior  mesial  elements, 
are  homologous  with  the  posterior  horns  and  body  of  the  hyoid  in  the 
Mammal,  ajud  with  the  posterior  or  suspensory  horns,  with  the  correspond- 
ing inferior  mesial  elements  of  the  hyoid  in  the  Bird.  The  so-called 
posterior  horns  of  the  hyoid  of  the  Frog  cannot,  therefore,  be  the  homo- 
togues,  as  Professor  Owen's  statements  might  lead  us  to  infer,  of  the  pos- 
terior horns  of  the  hyoid  of  the  Mammal  or  Bird.  The  posterior  horns 
pf  the  hyoid  of  the  Frog  are  the  remains  of  its  posterior  pair  of  branchial 
ardies,  tos  enlargements  of  the  posterior  angles  of  its  basi-hyals.  They 
ure  developed  therefore  in  its  postmor  visceral  laminse ;  while  the  pos- 
terior hyoidean  horns  of  the  Mammal  and  Bird  are  developed  in  the 
third  pair  of  visceral  laminn. 

As  the  skeleton  of  the  hyoidean  and  branchial  apparatus  of  the  Fish  is 
developed  in  the  form  of  a  series  of  inverted  arches  in  the  corre8p<mdlng 
visceral  laminae,  from  the  second  inclusive,  we  are  obliged  to  conclude 
that  its  hyoidean  arch  is  the  homologue  of  the  stylo-hyoidean  ardi,  with 
the  stizmp-bonee,— ^r  second  poet-stomal  arch-— in  the  Mammal ;  and  of 
the  corresponding  portion  of  the  hyoidean  apparatus  in  the  Bird,  with 
the  columellas ;  and  of  the  entire  hyoid  in  the  Serpent,  with  the  columellse  ; 
and  that  the  first  taranchial  asch  in  the  Fish  ha  the  homologue  of  the 
eoResponding  axch  in  the  Amphibian ;  of  the  posterior  horns  of  the  hyoid, 
and  their  associated  elements  In  the  Bird ;  and  of  the  posterior  horns 
and  body  of  the  hyoid  in  the  MammaL 

It  has  net  yet  been  determined  upon  what  developmental  change  the 
suspension  of  the  hyoidean  arch  of  the  Fish  to  its  mandibular  arch  de- 
pends. It  is  probably  of  the  same  nature  as  that  which  occurs  in  the 
Tadpole,  with  this  difference,  that  the  upper  portion  of  the  hyoidean  arch 
disappears  in  the  Fish,  without  developing  a  stapedial  ossicle ;  while  its 
lower  portion  remains  permanently  connected  to  the  mandibular  arch, 
instead  of  regaining  an  attachment  to  the  craninm. 

The  hyoidean  and  branchial  arches  of  the  Fish  are  provided,  as  has 
been  already  stated,  witii  a  well-developed  double  series  of  aetinapophysee, 
for  the  support  of  the  branchiostegal  membrane,  and  the  branchial  lamin«e. 
These  aotinapophyses  in  the  Fisk  are  foreshadowed  in  the  Tadpole  by  the 
tubereular  margins  of  its  branchial  styles. 
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The  qnestioii  may  now  be  put — if  we  are  brought  by  reference  to  the 
development  of  the  parts  to  allocate  to  the  three  post-stomal  sclerotomes, 
hnmal  arches,  consisting  respectiyely  of  the  sclerous  parts  developed  in 
the  three  anterior  post-stomal  visceral  lamine,  to  what  sclerotomes  are 
we  to  refer  the  potential  or  actual  hnmal  arches  in  the  remaining  visceral 
laminsB?      For  reasons  already  stated,  they  cannot  be  disposed  of  by 
referring  them  to  a  splanchno-skeleton,  because  in  that  case  the  hyoidean 
arch  or  arches,  and  apparently  the  mandibular  arch  also,  must  be  referred 
to  the  same  category.      Neither  can  they  be  referred  to  any  of  the 
cervical,  or  trunk  sclerotomes ;  because  it  would  appear  that  the  visceral 
walls  of  the  head  are  alone  perforated  by  clefts.    We  are  not  yet  prepared 
to  answer  the  question.    It  involves,  as  it  appears  to  me,  the  investigation 
of  a  residual  quantity,  the  solution  of  which  will  require  some  information 
an  reference  to  certaui  points,  regarding  which  we  cannot  at  present  be  said 
to  possess  any.      First,  the  development  of  the  Cyclostomes,  but  more 
especially  of  Branchiostoma ;   secondly,  the  mode  in  which  the  trunk 
sclerotomes  increase  in  number  and  become  arranged  in  groups ;  thirdly, 
the  mode  in  which  the  same  changes  proceed  in  the  cranium ;  fourthly, 
the  determination  of  the  series  of  cephalic  nervous  centres,  with  their 
corresponding  nerves   (neurotomes),    more   especially  in  the    medulla 
oblongata,  with  the  causes  which  determine  the  grouping  and  order  in 
which  the  cerebral  nerves  pass  through  the  walls  of  the  cranium. 

If  there  appears  to  be  no  sufficient  developmental  grounds  for  making 
«  distinction  between  the  branchial  arches  of  the  Amphibian  and  Fish,  as 
belonging  to  a  splanchno-skeleton,  and  the  hyoidean  and  mandibular  as 
referable  to  the  neuro-  or  endo-dceleton,  it  becomes  important  to  deter- 
mine the  signification  of  the  sclerous  elements  of  the  larynx,  trachea,  and 
bronchial  tubes.  Without  presuming  to  anticipate  the  minute  observation 
of  the  development  of  the  parts  themselves  necessary  for  the  solution  of  a 
question  of  this  kind,  I  would  venture  to  sug|;est  that  the  proper  carti- 
lages of  the  Isxynz  are  developed  from  the  imerior  or  mesial  extremities 
of  certain  of  the  visceral  laminn ;  and  that  the  cartilages  of  the  trachea 
and  bronchial  tubes  are  a  pair  of  highly  developed  actinapophyseal 
83rBtems,  referable  to  one  of  the  posterior  visceral  arches. 

PoBtstomoU  neurctetinopophyses. — In  addition  to  the  auditory  capsules, 
I  recognise  as  post-stomal  neuractinopophyses  more  particularly  those 
ossicles  attached  to  the  post-frontals,  mastoids,  and  external  oocipitals  of 
Fishes.  Those  attached  to  the  post-frontals  may  enter  into  the  formation 
of  the  infrarocular  bony  arch.  Those,  again,  which  are  developed  on 
the  temporal  and  occipitol  sclerotomes  are  modified  so  as  to  co-operate  in 
tlie  cranial  suspension  of  the  scapular  girdle. 

In  conclusion,  Goethe  was  the  first  to  indicate  the  intermaxiUaries,  the 
maxillaries,  and  palatals,  as  elements  of  three  distinct  cranial  segments. 
In  the  course  of  my  investigation  of  the  development  of  the  teeth  I 
became  early  aware  of  the  correctness  of  Goethe's  views  on  this  subject, 
and  have  found  myself,  therefore,  unable  to  coincide  with  the  doctrine  of 
Professer  Owen  as  to  the  constitution  of  his  palato-maxillary  or  nasal 
hssmal  arch. 

3.  On  the  Morphological  Chnstitutum  of  lAmbt. 

Carus,  maintaining  generally  the  doctrine  of  cephalic  limbs,  originally 
propounded  by  Oken,  has  at  the  same  time  given  much  greater  precision 
to  the  conception  of  the  skeleton  of  a  limb,  by  viewing  it  as  a  system  of 
elements  radiating  from  the  exterior  of  a  cost^orm  arch.  Professor 
Owen,  while  he  rejects  with  British  and  the  majority  of  Foreign  anato- 
mists, the  fantastic  doctrine  of  Oken  and  his  immediate  followers  with 
regard  to  cephalic  limbs,  has  adopted  the  general  doctrine  of  the  skeletoa 
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of  the  limb  as  pro^unded  bj  Oaras,  and  has  dereloped  and  applied  it 
with  much  ingenuity  to  the  illustration  of  actual  structure,  professor 
Owen  has,  however,  at  the  same  time,  bj  his  allocation  of  the  scapular 
girdle  to  the  occipital  segment  of  the  cranium,  as  its  haemal  arch,  and  bj 
the  view  which  he  takes  of  the  opercular  and  brancheostegal  elements,  ac- 
tually reproduced  the  doctrine  of  cephalic  limbs  in  another  form.  I  do 
not  propose  in  this  communication  to  examine  in  detail  the  grounds  on 
which  Professor  Owen's  general  doctrine  of  limbs  is  based,  but  shall 
merely  state  categorically  those  considerations  which  appear  to  nie  to 
render  it  untenable. 

}.  It  is  highly  improbable  that  the  sclerous  elements  of  a  limb  should  be 
derived  from  one,  or  at  most  two,  sclerotomes,  while  its  other  elements,  and 
more  especially  its  nerves,  are  supplied  by  a  greater  number  of  somatomes. 

2.  It  appears  to  be  highly  improbable  that  the  bones  which  enter  into 
the  structure  of  an  arm  or  leg,  or  that  the  corresponding  sclerous  parts  in 
the  lower  animals  should  be  the  result  of  teleological  sttb£vision  of  a  single 
**  diverging  appendage"  or  "  archetypal  element."  Professor  Owen  virtu- 
ally admits  that  these  **  teleological "  elements  have  a  morphological  value 
when  he  institutes  an  inquiry  into  their  "special"  and  "serial  homologies." 

8.  It  appears  to  me  that  the  scapular  girdle  cannot  be  the  haemal  arch 
of  the  occipital  segment  of  the  head — firstly,  because  that  segment  is 
already  provided  with  a  hsamal  arch  in  the  series  of  transitory  and  per- 
sistent sclerous  elements  develo}>ed  in  the  third  pair  of  visceral  laminie ; 
secondly,  because  the  scapular  girdle  is  invariably  found  to  be  developed 
at  or  in  the  immediate  neighbourhood  of  that  part  of  the  trunk  of  the  ani- 
mal  where  it  is  ultimately  situated ;  and,  thirdly,  because  it  is  impro- 
bable that  the  exceptions  to  a  general  law  should  be  more  numerous  tnan 
the  instances  in  which  it  is  adhered  to.* 

The  germs  of  the  limbs  make  their  appearance  when  the  ventral  lamin* 
of  the  primordial  vertebral  system  are  passing  down  towards  the  hssmal 
margin.  At  first  they  resemble  lappet-b'ke  projections  of  the  inferior 
margins  of  these  lamines ;  they  extend  along  at  least  four  or  five  of  their 
s^ments,  and  are  situated  in  those  regions  of  the  body  to  which  the  future 
limb  is  attached,  viz. ,  in  the  pelvic  and  posterior  r^on  of  the  neek,  except 
in  the  Fish,  in  which  the  pectoral  lappets  are  situated  close  behind  the 
head.  As  the  yentral  laminfls  extend  downwards,  the  lappets  retain  a 
position  more  or  less  elevated  on  the  side  of  the  trunk.  At  this  stage 
they  also  begin  to  exhibit  a  change  in  their  form  and  position.  They 
become  first  sessile,  then  pedunculated,  and  the  peduncle  then  indicates  by 
an  angle  at  its  centre  the  formation  of  the  central  joint  of  the  shaft  of  the 
future  limb— the  elbow  or  knee-joint.  At  the  same  time,  what  I  term  the 
plane  of  the  limb  is  changed.  The  lappet  was  originally  developed  in  a 
plane,  which  is  coincident  with  the  axis  or  the  oorda  dorsalis.  This  is  the  pri- 
mary or  fundamental  plane  of  the  limb ;  and  when  in  this  plane  the  wp- 
pet  presents  its  radial  or  tibial  margin  forwards  towards  the  head,  and 
its  umar  or  fibular  margin  backwards.  When  the  limb  leaves  its  primary 
position,  it  lies  in  its  secondary  plane,  which  cuts  the  corda  dorsalis  more 
or  less  obliquely,  so  that  the  radial  or  tibial  margins  of  the  limb  are  di- 
rected more  or  less  forwards  and  inwards,  and  the  ulnar  and  fibular  back- 
wards and  outwards.  The  permanently  sessile  pectoral  lappets  or  fins  of 
the  osseous  Fish  exhibit  a  peculiar  modification  of  the  same  movement ; 

*  It  is  ■omewhai  remarkable  tkat  the  onlv  embryologioal  evidence  which  Profeesor 
Owen  addaces  in  rapport  of  Oiat  portion  of  his  Doctrine  of  Limbs,  in  which  the 
anterior  limb  is  assomed  to  be  developed  at  or  close  to  the  head,  is  a  reference  to  a 
passage  in  Rathke's  £ntwickelang  der  SchUdkrcMen,  in  which  the  author  adduces 
the  findametUai  poiUion  of  the  bones  of  the  shoolder — ^vis.,  the  posterior  region  of 
the  neck— as  a  otrcamstaaoe  tending  to  explain  their  nltimate  passage  into  the 
thoracic  cavity. 
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they  rotate  on  a  transverse  axis,  so  that  their  anterior  or  radial  margins 
are  direeted  downwards  and  their  nhiar  margins  upwards.  In  the  Sharks 
and  Rays  the  pectoral  and  abdominal  fins  oontinae  permanently  in  the 
primary  plane. 

While  the  lappet  is  still  in  its  primary  plane,  the  rudiments  of  the 
girdle  of  the  future  limb  may  be  detected  under  the  integumentary  eoYer- 
mg,  and  therefore  external  to  the  proper  mass  of  the  visceral  wall  of  the 
body.  In  the  primordial  condition  of  the  lappet  of  the  wing  of  the  Chick, 
Remak  has  detected  four  parallel  streaks  running  to  its  outer  margin,  and 
continuous  internally  with  the  rudimentary  nervous  structures  of  the  four 
primordial  vertebrsB,  with  which  the  attached  margin  of  the  lappet  is  con- 
nected* 

Guided  by  embryological  facts  and  conclusions,  to  the  more  important 
of  which  I  have  just  alluded,  I  have  endeavoured  to  detect,  more  particu- 
larly in  the  osseous  Fishes,  Flagiostomes,  Amphibians,  and  ReptUes,  the 
principle  which  lies  at  the  basis  of  the  morphology  of  limbs.  The  view 
which  this  inquiry  has  induced  me  to  take  of  the  subject  I  shall,  in  eon- 
elosioB,  state  very  briefly. 

1.  A  limb  dees  not  necessarily  derive  its  elements  from  one  somatome 
— about  fifty  segments  of  the  trunk  appear  to  contribute  towards  the 
stmeture  of  the  great  pectoral  fin  in  the  Kay. 

2.  The  nervous  elements  of  the  limbs  appear,  as  in  other  parts  of  the 
vertebrate  animal,  to  indicate  most  distinctly  the  morphological  oonsti^ 
tution  of  the  sclerous  elements.  About  fifty  spinal  nerves  contribute  the 
greatei*  part  of  their  heemal  divisions  to  the  pectoral  fin  of  the  Ray ; 
and  there  are  about  one  hundred  fin-rays — a  pair  of  fin-tays  to  each 
nerve,  and  derived  from  each  sclerotome.  This  correspondence  does 
not  apparently  exist  between  the  fin-rays  and  nerves  of  the  osseous  fish ; 
but  it  may  be  fairly  assumed  that  when  we  have  detected  the  develop- 
mental circumstances  which  induce  the  attachment  of  the  pectoral  girdle 
of  the  osseous  Fish  to  its  cranium,  as  well  as  those  peculiarities  ex- 
hibited by  its  anterior  trunk  sclerotomes,  thi»  discrepancy  will  be 
explained.  A  more  careful  analysis  than  we  yet  possess  of  the  num« 
ber  of  spinal  nerves  which  supply  branches  to  the  limbs  of  the  higher 
Vertebrata  is  still  a  desideratum  in  this  department  of  the  subject ;  but 
it  appears  to  be  extremely  probable,  that  in  the  Mammalia,  at  least  five 
spinal  nerves  transmit  filaments  to  the  five  distal  divisions  of  the  limb. 
It  would  appear,  too,  that,  notwithstanding  their  plexiform  arrangement 
at  the  attached  end  of  the  limb,  the  greater  number  of  the  filaments  of 
each  nerve  reach  their  own  morphological  district  at  the  distal  part  of  the 
limb.  The  radial  and  the  ulnar  nerves  are  formed  principidly  by  the 
upper  and  lower  roots  of  the  human  brachial  plexus,  that  is,  firom  the  nerves 
of  the  upper  and  lower  primordial  segments  with  which  the  embryo  limb 
was  connected,  and  from  which  it  derived  its  various  elements. 

8.  The  nerves  supplied  to  a  limb  are  not  the  inferior  or  hssmal  divisions 
of  the  spinal  nerves,  but  radiating  on  actinal  branches  of  these  divisions. 
The  intercostal  nerves  are  not  the  nerves  serially  homologous  with  the 
roots  of  the  brachial  plexus.  The  thoracic  nerves,  serially  homolc^us 
with  these  roots,  are  the  interoosto-humeral  and  the  succeeding  middle 
interoosto-cutaneous. 

4.  Each  sclerotome  supplying  elements  to  the  structure  of  a  limb  sup- 
plies as  a  sclerous  element  a  single  actinapophysis ;  or,  as  in  the  Rays, 
an  anterior  and  a  posterior — ^that  is,  a  pair  of  actinapophyses. 

5.  From  the  structure  of  the  mesial  and  lateral  fin-rays  of  the  Fish, 
the  actinapophyseal  elements  of  a  limb  may  be  assumed  as  primordially 
segmented, 

6»  The  fin-rays  In  the  Fish,  and  the  phalangeal,  metaoarpal.  And  m**^ 
tatarsal  bones  of  the  higher  yertebrata,  are  more  or  less  peMltenl  MA<- 
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ditions  of  the  distal  segmenta  of  the  primordial  actinapophyseal  elements 
of  a  limb. 

7.  Bj  atrophy,  or  otherwise,  one  or  more  of  the  segments  in  the  sucoessire 
transrerse  rows  of  actinapophjseal  elements  disappear,  so  as  to  leave  in 
Man,  e.g.,  fonr  elements  in  each  carpal  row ;  two  in  the  fore-arm  ;  one  in 
the  arm ;  two  in  the  next  row  for  the  coracoid  and  elaride  ;  one  in  th6 
proximal  row  for  the  scapula. 

8.  The  nature  of  the  subsequent  changes,  which  the  elements  of  the 
limb  undergo,  up  as  far  as  the  shoulder  or  hip,  may  be  inferred  from  an 
examination  of  the  paddle  of  the  Enaliosaur  or  Cetacean. 

9.  A  careful  application  of  the  hypothesis  to  the  limb  girdles  of  the 
cartilaginous  Fishes,  Amphibia,  and  Keptiles,  leaves  me  strongly  inclined 
to  believe  that  the  coracoid  is  an  actio  apophyseal  segment  between  the 
humerus  and  scapula,  prolonged  downwards,  towards  the  haemal  margin 
of  the  body ;  that  the  scapma  is  a  proximal  element,  elongated  towards 
the  neural  margin  of  the  body ;  that  the  clavicle  is  the  only  other  retained 
element  in  the  same  transverse  row  as  the  coracoid,  in  front  of  it,  and 
elongated  like  it  in  the  haemal  direction ;  and  that  the  corresponding 
elemnta  of  the  posterior  limb  have  a  similar  morphologpwal  signification. 


Afnerican  Association  for  the  Advancement  of  Science.* 

Tenth  Meeting.    Albany,  August  20-27,  1856. 

As  regards  the  number  of  persons  present,  and  the  interest  shown  by 
the  citizens  generally  in  the  proceedings,  this  meeting  was  probably  the 
most  successful  which  the  Association  has  yet  had. 

The  scientific  papers  and  discussions,  considered  as  a  whole,  give  evi-> 
dence  of  active  and  varied  research ;  but  while  including  important 
contributions  to  knowledge  in  numerous  special  departments,  they  pre- 
sent no  general  results  of  very  striking  novelty  or  interest. 

The  principal  rooms  of  the  State  Capitol,  a  spacious  bntlding  in  the 
centre  of  the  city,  were  devoted  to  the  purposes  of  the  Association,  the 
Hall  of  Representatives  being  used  by  the  general  meetings,  and  at 
other  times  by  the  Section  of  Geology  ;  the  Senate  Chamber  by  the  Sec* 
tion  of  Physics  and  Mathematics,  and  the  contiguous  rooms  by  the  DIfI- 
sions  of  Chemistry,  Zoology,  &c.  Xearly  all  the  meetings,  sectional  as 
well  as  general,  were  attended  by  nnmerons  spectators  of  both  sexes,  and 
in  many  cases  the  rooms  were  thronged  with  Intent  listeners. 

The  popular  interest  of  the  Albany  meeting  was  not  a  little  enhanced 
by  the  public  inauguration  of  the  State  Geological  Muieum,  and  yet 
iDore  by  that  of  the  Astronomical  Otmervatory.  The  latter,  recently  en- 
dowed by  the  liberality  of  several  of  the  citizens,  and  especially  by  the 
mtmificent  gifts  of  Mrs  Dudley,  has  been  called,  in  honour  of  its  prin- 

*  In  sompiliog  this  abstract,  free  use  has  betn  made  of  the  notiees  whieh  ap- 
peared at  the  time  in  the  New  York  THbunt,  DaUy  TNmet,  and  Herald,  and  the  Albany 
JBvenmg  JwtmaL  Where  the  notices  seemed  to  have  been  famished  by  the  authors, 
they  have  generally  been  copied  either  entire  or  in  part,  after  correcting  typographical 
or  other  oDTioos  errors.  In  most  other  oases  the  meagre,  and  often  erroneous,  ab- 
stracts of  reporters  have  been  used  as  the  basis  of  brief  sketches,  which,  however  in* 
Complete,  will,  it  is  hoped,  be  found  to  involve  no  positive  mis-statements  of  the  facts 
or  opinioiis  cf  the  authors.  In  this  abstract  no  mention  is  made  of  such  papers  as 
have  thus  far  appeared  only  by  their  Uiles,  and  several  others  hare  been  omitted  on 
aeoount  of  their  purely  local  interest,  or  from  the  difficulty  of  procuring  a  satisfactory 
abstract. 
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oipal  founder,  the  Dudley  Obtervatory,  The  building,  now  oomplete, 
oocupies  a  commanding  position  near  the  north-western  edge  of  the  eitj. 
It  is  spacious  and  well-arranged,  and  will  be  provided  with  instrumente 
of  superior  ezoellenoe  ;  among  them,  a  heliometer  of  ten-inch  object-glass, 
to  be  constructed  by  Spencer,  the  celebrated  maker  of  microscopes. 

SECTION  OF  MATHBMATIOS,  PHYSICS^  AND  OHEMIST&T. 

Ths  Elements  of  Potential  Arithmetie,  By  Prof.  Bbnjamim  Psiioa. 
—Potential  Phjsic  investigates  what  kind  of  a  world  human  intellect, 
having  reached  its  highest  point,  would  construct  in  respect  to  the  distri- 
bution of  power  ?  K  it  be  proved  that  it  would  construct  one  similar  to 
that  we  inhabit,  it  indicates  that  the  world  was  created  bj  an  intellect 
to  which  ours  is  in  nature  similar. 

Potential  arithmetic  pursues  this  problem  so  far  as  regards  numbers. 
Bjr  his  combination  of  numbers  Pjthagoras  was  able  to  form  his  ideal 
"  Man"  in  physical  proportion  true  to  nature,  though  differing  finom  any 
actual  type  of  living  man.  One  combination  and  proportion  of  his  nvm- 
bers  would  give  the  Apollo,  another  the  Venus,  another  a  lower  type  than 
either,  and  another  a  lower  type  still.  The  order  and  principles  which 
governed  his  arrangement  would  seem  to  indicate  that  a  fixed  law  of 
number  governed  the  structure  of  man.  Architecture,  by  the  Pythago- 
reans, was  shown  to  be  also  based  on  a  fixed  law  of  number.  Hence, 
number  they  considered  the  chief  principle  of  the  Universe.  One  desig- 
nated the  Creator  or  Unity.  Four  indicated  development.  Oriental 
philosophers  also  have  fanciful  theories  respecting  number.  Odd  num- 
bers they  term  masculine,  even  numbers  feminine. 

A  law  of  constantly  reeurring  numbers  or  definite  proportions  may  be 
traced  in  the  planets,  in  their  motion,  in  their  bulk,  density,  &c.  So  also 
a  law  of  definite  proportions,  and  also  of  definite  arrangement,  is  trace- 
able in  the  chemical  combinations  which  make  up  natural  substances. 
In  the  organic  world,  the  changes  correspond  to  the  change  of  numbers, 
by  addition,  multiplication,  square  and  cube  root,  and  proportion. 

Professor  Peirce  endeavoured  to  show  that  by  the  combination  of  the 
simple  primary  ideas  of  number,  and  of  the  consciousness  of  power,  we 
should  be  led  to  laws  similar  to  or  identical  witti  the  laws  of  both  organic 
and  inorganic  chemistry,  and  also  to  those  of  alternate  generation  in 
zoology ;  and  furthermore,  that  views  of  the  negative  unit  and  imagi- 
naries  could  be  obtained  in  this  mode  precisely  similar  to  those  developed 
in  Sir  William  Bowcxi  Hamilton's  purely  formal  or  formalistic  discussion 
of  those  subjects. 

On  the  Next  Appearance  of  the  Periodical  Comet  of  Thirteen  Tears. 
By  Dr  Peters. — This  comet  was  discovered  by  Dr  Peters  at  Naples  in 
1846.  He  has  x)repared  an  ephemeris  of  the  comet  from  1857  to  1860, 
and  made  an  exposition  of  the  methods  of  observation.  It  was  a  comet 
yerj  difficult  to  discover.  It  was  necessary  to  observe  it  with  the  eye  in 
perfect  darkness,  and  the  time  required  for  an  observation  is  five  minutes. 
In  order  to  facilitate  the  observations,  he  has  prepared  a  series  of  lines, 
within  which  it  should  be  found.  Its  probable  orbit  gives  an  ellipse  of 
thirteen  years,  with  a  probable  error  of  one  year,  so  that  its  period  might 
be  twelve  or  fourteen  years.    In  1853  or  1854  Saturn  came  into  nearly 
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the  tame  position  as  this  comet,  and  some  uncertainty  exists  as  to  its  dis- 
tance, it  having  been  difficult  to  ascertain  whether  it  was  nearer  the  in- 
terior or  the  exterior  of  that  planet.     The  computation  would  have  been 
easj  but  for  the  startling  apprehension  that  some  laiger  planet,  like 
Saturn,  would  carry  away  the  comet  altogether,  so  that  it  would  not  re- 
appear.    Dr  Peters,  in  announcing  the  result  of  his  observations,  re- 
marked that  it  might  seem  to  be  of  little  use  to  hare  discoyered  a  comet 
so  difficult  to  obsenre,  but  he  considered  the  addition  of  a  new  periodical 
comet  a  matter  of  the  greatest  importance,  as  increasing  our  knowledge 
of  the  space  occupied  by  bodies  belonging  to  the  solar  system.     In  his 
Tiew,  the  discovery  of  a  new  comet  was  more  important  than  the  aste* 
roids  which  have  been  discovered.     He  spoke  of  certain  comets  (among 
others,  one  described  in  an  elaborate  work  by  Dr  Brunnow,  of  Ann 
Arbor),  which  have  been  diligently  sougbt  by  astronomers  in  late  years 
but  not  found,  and  alluded  to  the  theory  of  the  dissolution  of  comets  in 
space-— a  theory  to  which  one  example  appears  to  give  support^-the  di- 
vision into  two  parts  of  one  of  the  comets  discovered  in  1846.     That  di- 
vision stiU  oontiuues.     Dr  Peters  recommended  amateurs  in  science  to 
$earchfor  ccmets.    The  professional  astronomer  has  more  earnest  duties 
to  perform,  and  cannot  afford  time  for  this  search  ;  but  every  periodical 
comet  that  is  discovered  is  of  use  in  determining  the  space  occupied  by 
the  planets.     The  discovery  of  comets  has  decreased.     Last  year,  not 
more  than  one  or  two  were  discovered.     Dr  Peters  thinks  tiiis  falling-off 
is  owing  partly  to  the  fact  that  the  award  of  a  comet  medal  has  been 
abandoned  by  the  King  of  Denmark.     For  many  years  the  discoverer 
of  any  telescopic  comet  received  a  comet-medal  from  the  King,  but  in 
1848  the  custom  was  abolished,  and  the  zeal  for  discovery  has  since  de- 
clined.    Dr  Peters  thought  it  would  be  a  wise  and  useful  measure  to  in- 
stitute this  medal  anew.     Amateurs  in  science  would  then  be  stimulated 
to  make  more  researches.     Amateurs  have  not  that  perfect  interest  in 
the  subject  which  astronomers  have,  but  the  prospect  of  a  public  recom- 
pense would  perhaps  impel  them  to  renewed  industry.     On  the  whole,  Dr 
Peters  concludes  that  the  interest  for  science  in  Europe  is  decreasing, 
and  in  America  increasing  greatly,  especially  astronomical  science.     He 
hoped  the  institution  of  the  comet-medal  would  be  renewed  here. 

On  Ammonia  in  the  Atmotphere,  By  £.  N.  Horsford. — In  this 
communication  Professor  Horsford  stated,  that  in  a  foimer  paper  read  at 
the  New  Haven  meeting,  he  had  been  led  into  error  by  using,  as  an  ab- 
sorbent, asbestos  which  had  not  previously  been  freed  from  ammonia,  and 
which  therefore  gave  too  large  a  result.  On  a  re-examination  of  the 
problem,  with  new  precautions  and  modifications,  he  had  found  from 
eight  determinations,  that  a  cubic  metre  contains  from  four  to  seven- 
tenths  of  a  millegramme  of  ammonia. 

On  a  Pomble  Modification  of  the  methods  of  eucertaining  the  Dentity 
of  the  Earth.  By  Stephen  Albxandek. — After  adverting  to  the  expe- 
riment of  the  plumb-line  near  a  mountain,  as  liable  to  objections  arising 
from  the  imperfect  measurement  of  the  density  of  the  mountain  and  of 
the  deflexion  of  the  line.  Professor  Alexander  proposed  as  a  substitute  to 
build  up  by  the  side  of  a  plumb-bob,  furnished  with  delicate  spirit-levels, 
a  mass  of  lead  or  iron  in  the  form  of  a  sphere,  twenty-five  or  thirty  feet 
in  diameter,  and  to  observe  the  change  of  the  spirit-levels. 
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Dr  Gould  obierrod  that  tbU  methocl  wm  not  eqaal  to  that  of  CaTBD- 
difih,  aiaoe  tbo  torsion  balance  is  a  mote  delieate  test  of  minute  fonwf, 
auch  as  the  attraction  of  the  artificial  mountain,  than  a  spirit-level  ean 
be.  He  also  repeated  the  suggestion  of  Weber,  that  the  Gaussian  mirror 
be  used,  by  which  a  radius  of  unlimited  length  maj  be  obtained. 

Professor  B^etlbtt  thought  there  was  a  more  fundamental  objecti<m 
io  Professor  Alexander's  method ;  that  the  spirit*! evel  would  only  show 
its  own  level  surface,  and  that  would  be  the  resultant  of  the  combined 
action  of  the  earth  and  the  artificial  mountain. 

Investigation  and  Calculation  of  the  remlte  of  a  General  Proeees  of 
Causation,  By  John  Patshson. — This  was  an  abstruse  mathemadeal 
discussi<m,  not  capable  of  being  made  inteUigible  in  a  brief  abstract. 

On  the  Peculiar  Atmospheric  Appearance  on  2Sd  May  last,  at  St 
Martin* $,  Canada  East,  By  Charlbs  Smallwood,  M.D.,  LL.D.— «The 
locality  was  nine  miles  from  Montreal,  latitude  45°  32'  N.,  longitade 
73^  36'  W. ;  height  above  the  sea-level,  IIS  feet.  A  peculiar  haxe  was 
observed  at  noon,  which  had  increased  at  6.27  so  as  to  obscure  the  eim 
eompletely.  The  wind  died  away  to  a  calm ;  the  colour  of  the  base 
changed  from  yellow  to  reddish,  and  then  to  a  dark  bluish  tint.  The 
thermometer  marked  a  high  temperature,  and  the  Professor  amused 
himself  from  six  p.m.  till  dark  in  catching  leaves  and  collecting  ashes 
which  were  floating  in  the  atmosphere,  while  the  fowls  went  to  roo$t  and 
the  frogs  began  to  croak,  and  nature  generally  gave  evidence  that  some- 
thing had  happened  of  an  extraordinary  character.  The  appearance  of 
things  was  the  more  singular,  from  the  fact  that  while  this  haze  {wevailed 
in  the  W.S.W.,  the  horizon  to  the  N.N.E.  was  perfectly  cloudless.  A 
similar  phenomenon  was  noticed  at  By  town,  a  l<mg  distance  away. 
The  cause  was  an  extensive  fire  in  the  woods,  some  hundreds  of  miles 
distant.  The  haze  appeared  to  have  absorbed  the  white  rays  of  the  sua, 
but  the  calorific  rays  were  not  absorbed,  the  heat  remaining  oppres- 
sive during  the  whole  period  of  obscuration.  On  the  following  morning 
(Saturday)  there  was  a  severe  storm  of  thunder  and  lightning.  Speci- 
mens of  the  leaves  and  ashes  collected  were  exhibited.  The  ashes  were 
black  and  exceedingly  fine ;  the  leaves  appeared  as  if  scorched ;  they 
were  all  caught  before  reaching  the  ground. 

Professor  Smaixwood  said  the  thunder-storm  which  followed  the  at- 
mospheric phenomena  was  of  an  interesting  nature,  and  prooeeded  to  in- 
dicate its  features ;  and  as  the  subject  of  electricity  was  before  the 
aection,  he  mentioned  his  investigations  of  snow-crystals,  the  variable 
f<nin  of  which  he  attributed  to  the  electricity  of  the  atmosph^e. 

On  an  Improvement  in  the  Anemometer,  By  Ohaulbs  Smallwoov, 
M.D.,  LL.D. — This  is  a  modification  of  previous  instruments,  whi^  re- 
cords, by  a  steel  point  on  paper,  the  velocity  of  wind  in  miles  per  hour, 
and  the  times  at  which  the  velocity  changes,  at  the  same  moment  and  by 
connected  simple  machinery  recording  the  direction.  It  registers  storms 
of  seventy  or  eighty  miles  an  hour,  and  gentle  breezes  of  half  a  mile, 
and  has  been  in  use  for  twelve  years  without  the  need  of  repair. 

On  the  Law  of  Human  Mortality,  By  C.  F.  M*Cot. — In  reading 
this  paper  Professor  M'Coy  illustrates  his  views  by  a  curve  in  which  the 
age  is  the  abscissa,  and  the  number  living  the  ordinate.  After  pointing 
out  the  errors  of  the  laws  proposed  by  earlier  inquirers  he  proposed  a 
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law  of  hifl  own,  by  which  the  ratio  of  the  nnmbeT  of  the  living  to  the 
dying  is  represented  by  one  formula  from  the  age  of  twenty  upward. 
Although  founded  on  an  examination  of  the  Northampton  and  Carlisle 
tables,  it  is  found  to  agree  very  accurately  (never  varying  one  year*8 
mortality)  with  all  the  tables  to  which  be  had  had  access,  embracing  the 
tables  used  in  any  of  the  standard  works  on  life  insurance. 

Among  the  inferences  that  may  be  drawn  from  the  law  are  the  fol* 
lowing : — 

1.  The  rate  of  mortality  invariably  increases  from  youth  to  old  age. 

2.  This  rate  is  continually  accelerated  even  in  a  higher  ratio  than  in 
a  'geometrical  progression. 

3.  In  early  manhood  the  rate  does  not  differ  much  from  a  slow  arith- 
metical progression. 

4.  There  are  no  crises  or  climacterics  at  which  the  chances  for  life  are 
stationary  or  improving. 

5.  There  are  no  periods  of  slow  and  rapid  increase  succeeding  each 
other,  but  one  steady,  invariable  progress. 

6.  The  law,  though  not  the'  rate  of  mortality,  is  the  same  for  city  and 
country,  for  healthy  and  unhealthy  places,  for  every  age,  and  country, 
and  locality ;  and  this  law  is,  that  the  differences  of  logarithms  of  the 
rates  of  mortality  are  in  geometrical  progression. 

Analytical  Discumon  of  the  motion  of  a  hody  under  the  action  of 
central  force*.  By  Benjamin  Pcirce.— -This  was  a  purely  mathematical 
paper,  taken  partly  from  the  author's  quarto  volume  on  Analytical  Me- 
chanics, now  in  the  press.  One  point,  incidentally  brought  in,  is  alone 
capable  of  being  stated  in  general  language.  The  discussion  involved 
one  of  those  interesting  cases  in  which  a  single  algebraic  formula  is  sud- 
denly discovered  to  embrace  a  great  number  of  geometrical  forms  which, 
from  all  previous  modes  of  investigations,  had  been  supposed  to  be  en- 
tirely disconnected  with  each  other — a  beautiful  instance  of  science  dis- 
covering the  hidden  harmonies  of  nature. 

On  Acoustics  as  applied  to  Public  Buildings,  By  Professor  Hbnrt. 
— After  some  remarks  upon  the  true  purposes  of  architecture,  as  an  art 
which,  in  modem  times,  should  regard  the  useful  before  the  ornamental^ 
although  without  excluding  the  latter,  Professor  Henry  gave  a  sketch  of 
the  well-known  acoustic  laws  applicable  to  the  architecture  of  Public 
Halls.  He  then  discussed  the  conditions  producing  echo  and  resonance. 
Under  the  latter  head,  he  remarked  that  the  material  of  the  wall  will  affect 
the  duration  of  a  resonance.  To  test  the  nature  of  substances  in  this  re- 
spect, a  series  of  experiments  was  tried  with  a  tuning-fork ;  first,  to  show 
that  the  motions  excited  by  setting  the  fork  on  the  back  of  a  solid  body  are 
similar  to  those  excited  by  the  impulses  of  sound  coming  through  the  air 
against  that  body  ;  and  next,  to  discover  what  those  motions  are.  A  fork 
suspended  by  a  cambric  thread  vibrated  for  252  seconds,  as  was  deter- 
mined by  holding  under  it  a  cavity  which  would  resound  in  unison  with 
the  fork,  and  listening  to  it  with  an  ear-trumpet.  Placed  on  a  thin  pine 
board,  the  fork  gave  a  loud  sound,  which  continued  less  than  ten  seconds, 
the  motive  power  of  the  fork  being  communicated  to  so  large  a  mass  of 
wood,  and  through  that  rapidly  to  the  air.  Placed  on  a  slab  of  marble, 
the  sound  was  feeble,  but  lasted  115  seconds.     The  fork  was  now  placed 
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upon  a  cube  of  India  rubber  lying  on  tbe  marble  slab.  The  sound  was 
Ywy  feeble,  but  continued  less  than  40  seconds.  The  question.  What  be- 
came of  the  motire  power  in  this  case,  as  it  produced  so  little  sound  ?  was 
answered  bj  a  set  of  experiments,  proving  that  the  sound  was  (so  to 
speak)  converted  into  heat.  The  amount  of  heat  eyolved  in  the  rubber 
was  so  small  as  to  be  detected  only  by  a  delicate  galvanometer.  Joule 
has,  however,  shown  that  the  mechanical  energy  generated  by  a  pound 
weight  falling  through  750  feet  would,  when  oonyerted  into  heat,  ele- 
yate  tbe  temperature  of  a  pound  of  water  only  one  degree.  On  a  brick 
wall  the  duration  of  the  vibration  was  88  seoonds ;  on  lath  and  plaster 
there  was  a  louder  sound,  of  only  18  seconds. 

A  series  of  different  experiments  was  devised  upon  the  reflection  of 
sound.  Parabolic  mirrors  were  tested  by  lights  placed  in  the  focus,  and 
a  watch  being  substituted  for  the  light,  the  reflected  sound  and  the  posi- 
tion of  its  focus  examined  by  means  of  an  ear-trumpet.  Tissue-paper, 
flannel,  and  felt  were  introduced  between  the  watch  and  the  mirror,  to 
try  the  effect  of  curtains  upon  sound. 

.  Notes  on  the  Progress  made  in  the  Cocut- Survey,  in  Prediction  Tables 
for  the  tides  of  the  Coast  of  the  United  States,  By  A.  D.  Bache. — ^The 
following  extract  includes  most  of  this  paper,  excepting  the  formnlss  and 
tabular  results :  — 

As  soon  as  tidal  observations  had  accumulated  sufficiently  to  make 
the  task  a  profitable  one,  I  caused  them  to  be  treated,  under  my  imme* 
diate  direction,  by  the  methods  in  most  general  use.  The  observations 
at  Old  Point  Comfort,  Virginia,  were  among  the  earliest  used  for  this 
purpose,  and  the  labours  of  Commander  Charles  H.  Davis,  U.S.N.,  then 
an  assistant  in  the  coast-survey,  were  directed  to  their  reduction,  chiefly 
by  the  graphical  methods  pointed  out  by  Mr  Whewell.  This  work  was 
subsequently  continued  by  Mr  Lubbock's  method,  by  Mr  Henry  Mitchell; 
and  next  the  tides  of  Boston  harbour  were  taken  up,  as  affording  certain 
advantages  in  the  observations  themselves,  which  could  not  be  claimed 
for  those  of  Old  Point. 

The  system  of  Mr  Lubbock  is  founded  on  the  equilibrium  theoxy ;  and 
in  it  the  inequalities  are  sought  by  arranging  the  elements  of  the  moon's 
and  sun's  motions,  upon  which  they  depend  Having  obtained  the  co- 
efficient of  the  half  monthly  inequality  of  the  semi-diurnal  tide  at  Boston, 
from  seven  years'  observations,  through  the  labours  of  the  tidal  division, 
and  approximate  corrections  for  the  parallax  and  declination,  I  was  much 
disappointed  in  attempting  the  verification  by  applying  to  individual  tides 
for  a  year  during  which  we  had  observations.  There  was  a  general 
agreement  on  the  average,  but  a  discrepancy  in  the  single  cases,  which 
was  very  unsatisfactory.  Nor  were  these  discrepancies  without  law,  as 
representing  their  residuals  by  curves  did  not  fail  to  show.  By  intro- 
ducing corrections  for  declination  and  parallax  of  the  moon  increasing  and 
decreasing,  we  reduced  these  discrepancies,  but  still  the  results  were  not 
sufficient  approximations.  With  the  numerical  reductions  of  the  obser- 
vations before  referred  to  was  commenced,  in  1853,  under  my  immediate 
direction,  by  Mr  L.  W.  Meech,  a  study  of  the  theory  of  the  tides,  di- 
rected chiefly  to  tbe  works  of  BemouiUi,  Laplace,  Avery,  Lubbock,  and 
Whewell.     The  immediate  object  which  I  had  in  view  was  the  applica- 
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tion  of  the  ware  theory  to  the  discussion  of  our  observations.  I  thought 
that  the  mind  of  an  expert  mathematician,  directed  entirely  to  the 
theoretical  portions  of  this  work,  with  directions  by  a  physicist,  and  full 
opportunities  of  verifying  results  by  extended  series  of  observations,  the 
computations  of  which  should  be  placed  by  others  in  any  desired  form, 
would  give,  probably,  the  best  result  in  this  combined  physical  and 
mathematical  investigation. 

The  general  form  of  the  different  functions  expressing  the  tidal  ine- 
qualities is  the  same  in  the  different  theories,  and  may  be  said,  on  the 
average,  to  be  satisfactory  as  to  the  laws  of  change  which  these  ine- 
qualities present.  Whether  we  adopt,  with  Laplace,  the  idea  that  pe- 
riodical forces  produce  periodical  effects ;  or  with  Avery,  that  the  tidil 
wave  arrives  by  two  or  more  canals  ;  or  with  Bemouilli  and  Lubbock, 
the  results  of  an  equilibrium  spheroid  ;  or  with  Whewell,  make  a  series 
of  inequalities,  semi-menstrual,  parallax  and  declination,  with  different 
epochs,  we  arrive  at  the  same  general  results,  that  the  heights  and  times 
of  high -water  may  be  represented  by  certain  functions,  with  indetermi- 
nate CO- efficients^  in  the  form  of  which  the  theories  in  a  general  way 
agree.  By  forming  equations  from  the  observations,  and  obtaining  the 
numerical  values  of  the  coefficients  by  the  method  used  so  commonly  in 
astronomical  computations,  the  result  is  accomplished. 

A  general  consideration  of  the  coordinates  in  space  of  the  moon  and 
sun,  without  any  special  theory,  would  lead  to  the  same  result,  represent- 
ing the  luni-tidal  interval  by  a  series  of  sines  and  cosines,  with  indeter- 
minate coefficients. 

♦  :|(  4e  «  *  ♦  * 

I  present  to  the  Association  the  tables  computed  by  Mr  Avery  for  ap- 
plying this  method  to  the  prediction  of  the  tides  at  Boston  harbour. 

Li  order  to  test  the  coefficients,  computations  were  made  for  different 
parts  of  the  months  of  the  year  1853,  for  which  we  have  observations. 
Transit  C  was  used  as  the  transit  of  reference.  The  difference  between 
the  predicted  and  observed  results  are  shown  in  a  table,  the  first  column 
of  which  contains  the  dates  of  the  last,  the  observed  less  the  computed 
result. 

From  this  table  it  appears  that  in  twenty  pairs  of  tides,  the  morning 
and  the  afternoon  being  grouped  to  get  rid  of  the  diurnal  inequality, 
there  are  two  differences  of  less  than  2*",  thirteen  of  more  than  2°*, 
and  less  than  4*^,  three  of  more  than  4"*,  and  less  than  lO*",  two  of 
more  than  10".  The  probable  error  of  the  prediction  of  a  single  pair 
of  tides  is  4»»  12". 

These  laborious  researches  are  still  in  progress,  but  I  have  thought 
that  the  results  already  obtained  required  a  notice  of  them  and  a  recog- 
nition of  the  labours  of  Messrs  Meech  and  Avery. 

On  the  HUtary  and  Theory  of  the  in9trument»  hnown  a$  Botaecopes^ 
OyroBcopes,  de.     By  W.  B.  Kogebs. 

On  a  New  Method  of  Meaeuring  eeleetial  Arc$,  By  Alvan  Clabk.-— 
Mr  Clark  described  a  new  instrument  invented  by  him  for  measuring  the 
intervals  of  stars  too  distant  to  be  brought  into  the  field  of  view  of  a  tele- 
scope. Within  a  year  from  the  first  thought  of  the  instrument  entering 
his  mind,  he  had  built  a  telescope  of  six  inches  aperture  and  103  inches 
focal  length,  mounted  it  equatorially,  governing  its  motion  by  Bond's 
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fipring'gOTenor  dock,  profided  the  two  eye-pieoesi  and  as  a  sobstitiitefor 
a  bifilar-mierometer,  arranged  a  mode  of  using  pieees  of  glass  mledwitb 
a  ruling  machine.  Experiments  had  demonstrated  the  feasibility  of 
using  the  two  eye-pieces  in  this  way,  and  of  obtaining  by  them  very  ae- 
corate  measures  of  the  distances  of  stars,  whkh  are  from  three  to  one 
hundred  minutes  of  space  apart.  The  success  of  the  instrument  was, 
however,  greatly  due  to  the  spring-goyemor,  which  keeps  each  star  upon 
the  wire  accurately  bisected. 

On  VariouB  Cyclonet  or  Typkcam  of  the  North  Paeific  Ocean^  with  a 
chart  ihowing  their  cowr$e  of  progresdon.  By  W.  C.  Redfibld. — ^This 
memoir  comprised  notices  of  about  thirty  cyclones  of  violent  character  in 
the  trade-wind  latitudes  of  the  North  Pacific.  As  regards  the  sereral 
months  of  the  year,  their  concurrence  was  as  follows : — In  February,  one ; 
April,  one ;  May,  two  ;  June,  two ;  July,  three ;  August,  four ;  Septem- 
ber, four ;  October,  six ;  November,  four ;  December,  one.  At  the 
Marian  Islands,  about  latitude  13°  N.,  they  are  looked  for  in  Decem- 
ber and  January,  as  well  as  in  the  summer  months.  Various  other  cy- 
clones in  the  more  northern  latitudes  of  the  Pacific  Ocean  were  also 
noticed  in  the  communication.  Some  of  these  cyclones  were  well  eluci- 
dated by  dates  afforded  by  the  log-books,  and  reports  of  the  United 
States  Expedition  to  Japan,  under  Commodore  Penry,  who  kindly  placed 
them  with  Mr  Redfield  for  examination  and  report.  The  route  of  one 
of  these  cyclones  was  brought  under  the  notice  of  the  last  meeting  at  Pro- 
vidence; together  with  a  few  other  traces  on  the  manuscript  chart.  This 
chart,  with  large  additions,  is  now  engraved,  and  will  soon  be  published. 
In  this  memoir  Mr  Redfield  notices  the  relations  of  the  cyclones  to  the 
monsoons,  and  the  trade-winds  of  the  Pacific ;  and  he  remarks  also  on 
the  universality  of  the  laws  of  cyclonic  progression  and  action  in  the 
lower  portion  of  the  atmosphere,  thioughout  all  oceanic  and  geographic 
zones. 

On  the  Modijications  of  Seequioxide  of  Chromium.  By  £.  N.  Hobs- 
roRD. — In  this  paper  Professor  Horsford  gave  an  account  of  a  series 
of  experiments  on  the  modifications  of  sesquioxide  of  chromium,  and 
other  substances  obtained  principally  from  chrome-alum,  illustrating  his 
remarks  by  numerous  specimens  of  crystals  and  solutions  of  brilliant 
colours.  These  results  present  many  new  instances  of  the  atomic  changes 
which  may  be  produced  by  heat  and  other  agencies  without  altering  the 
chemical  composition  of  bodies.  A  slight  change  of  temperature  pro- 
duces a  complete  and  permanent  change  of  colour  in  the  substance 
^vithout  changing  its  constituents.  The  conclusion  of  the  author,  from 
these  researches,  was,  that  these  modifications  were  not  in  the  sesquioxide 
of  chromium  itself,  but  in  the  compounds  formed  by  it  with  water. 

On  the  Relative  Age  of  the  dif event  portions  of  the  Moon^s  gurface^ 
and  the  catastrophe  to  which  a  large  portion  seen  $  to  have  been  sub- 
jected. By  Stephen  Alexanoer. — Professor  Alexander  remarked,  that 
a  map  of  the  Eastern  hemisphere,  taken,  with  the  Bay  of  Bengal  in  the 
centre,  would  bear  a  striking  resemblance  to  the  face  of  the  moon  pre- 
ben  ted  to  us.  The  dark  portions  of  the  moon  he  considers  to  be  conti- 
nental elevations,  as  shown  by  measuring  the  average  height  of  moun- 
tains above  the  dark  and  the  light  portions  of  the  moon.  He  recently 
had  seen  the  bearing  of  newly-observed  phenomena  on  the  question,  th« 
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character  of  the  ridges  in  the  neighbourhood  of  Pico.  These  ridges  are 
shown  bj  their  tints  to  be  of  the  same  geological  character  as  the  tops  of 
the  mountains.  Thej  show  themselves  to  be  recent  disturbances  or  up- 
heavals, bj  the  manner  in  which  they  cross  other  formations,  as  though 
ejected  through  cracks  in  a  previous  crust.  The  superior  thickness  or 
elevation  of  crust  in  the  dark  portions  is  shown  by  the  fact  that  some  of 
these  white  lines  running  through  everything  in  the  bright  portions, 
cease  at  the  entrance  into  the  darker  regions.  A  close  scrutiny  of  the 
white  portions  shows  a  great  subsequent  inundation  of  the  white  rock 
flowing  over  the  ocean-beds  (if  that  term  be  allowed)  and  raising  their 
level.  He  thought  that  these  facts  threw  some  light  on  the  inhabitants 
of  the  moon.  Might  not  this  flow  into  the  ocean-bed  have  absorbed,  by 
some  chemical  action  (as  water  of  crystallization  or  otherwise),  the  ocean 
and  atmosphere.  If  so,  the  moon  might  have  been  formerly  inhabited, 
and  been  rendered  desolate  by  this  change. 

Mr  Vauohan  alluded  to  the  want  of  atmosphere  in  the  moon,  and 
thought  this  showed  that  gases  were  not  necessary  to  volcanic  action. 
Nor  could  he  believe  that  our  volcanoes  gave  out  any  great  amount  of 
gases.  If  they  did,  the  eflbct  during  so  many  ages  would  have  accumu- 
lated, and  shown  itself  in  an  analysis  of  the  atmosphere. 

Professor  Mitchell  inquired  if  Professor  Alexander  had  paid  special 
attention  to  the  apparent  lakes  on  the  moon's  surface ;  and  described  a 
lake  about  13  miles  long,  with  a  mountainous  bank  upon  one  side  and  a 
beach  upon  the  other,  fed  apparently  by  a  river  about  150  miles  long,  with 
two  branches,  several  islands,  and  in  one  place  tunneling  a  hill.  He 
used  such  terms  as  though  there  were  water  there,  because  no  other 
language  could  describe  the  appearances. 

A  Report  on  the  New  Methods  of  Observation  now  in  use  at  the  Cin- 
cinnati Observatory : — 

1.  New  method  of  right  ascension,  as  to  its  limit  of  accuracy. 

2.  New  method  of  declination,  as  to  its  limit  of  accuracy. 

3.  New  method  of  determining  personal  equation  and  personal  error. 

4.  New  method  of  determining  instrumental  errors. 

5.  New  method  of  determining  clock  errors. 

6.  Observations  on  changes  of  figures  of  materials. 

By  0.  M.  Mitchell. 
— Professor  Mitchell  commenced  by  observing,  that  if  our  observations  in 
as^nomy  were  only  as  accurate  as  the  methods  of  calculation  are  perfect, 
we  should  obtain  a  marvellous  power  of  astronomical  prediction,  and  a 
marvellous  power  in  the  applications  of  astronomy.  If  we  could  only 
point  a  telescope,  and  tell  exactly  where  it  points,  it  would  be  all  that 
we  could  require.  His  attention  had  therefore  been  directed  to  new 
methods  of  determining  the  position  or  direction  of  his  telescope.  The 
first  point  to  be  determined  is  to  know  with  what  accuracy  he  can  deter- 
mine the  right  ascension  of  a  star — in  other  words,  the  exact  moment  of 
its  passing  the  meridian.  In  ^er  to  do  this,  he  attached  to  the  rim  of 
the  revolving  disc  of  his  chronograph  narrow  strips  of  white  paper  at 
irregular  distances.  Close  to  the  rim  he  placed  a  narrow  bar,  to  hide  or 
occult  the  strips  as  they  pass.  His  assistant  and  himself  then  noted  the 
times  of  their  occultation,  by  means  of  the  chronograph,  and  thus  deter- 
mined that  they  were  able  to  estimate  the  instant  of  occultation  with  an 
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accuracy  that  showed  an  uncertainty  of  only  eighteen  of  the  thousandths 
of  a  second  The  Professor  then  went  into  a  very  minute,  but  reiy  dear 
and  intelligible  account  of  his  experiments  to  decide  whether  they  could 
note  the  passage  of  stars  over  the  wires  of  his  telosoope  with  as  much 
accuracy  as  they  could  note  the  passage  of  these  paper  strips  behind  the 
bar.  He  and  his  assistant  decided  that  they  could  note  it  with  even  more 
accuracy.  Taking  many  observations  upon  various  stars  at  unequal  dis- 
tances from  each  other,  he  had  devised  means  by  which  he  determined 
the  probability  of  the  errors  arising  from  individual  peculiarities  in  the 
observer*s  temperament  or  physical  adaptation,  and  irom  the  effects  of 
variable  and  unsteady  refnction  in  the  atmosphere.  Then  he  passed  to 
tha  consideration  of  the  errors  which  may  arise  from  the  irregularity  of 
the  motion  of  even  the  best  clocks.  There  had  heretofore  been  no  metiiod 
by  whish  we  could  determine  the  absolute  accuracy  of  the  motion  of  the 
clock  for  short  intervals  of  time  —no  way  to  determine  whether  a  dock 
did  not  hasten  for  a  few  seconds,  and  then  move  a  few  seconds  too  dow, 
keeping  on  the  average  true  time.  He  wished  to  devise  a  simple  means 
by  which  he  could  determine,  on  the  chronograph,  the  absolute  rate  of 
the  clock  for  each  second  of  time,  and  had  made  some  partially  successful 
essays  toward  it.  Professor  Mitchell  then  recurred  to  the  subject  of  per- 
sonal equation  —that  is,  to  the  error  arising  from  the  imperfect  working 
of  human  nervous  organizaticn.  He  had  devised  this  plan  of  determin- 
ing the  personal  equation :  Under  the  little  strips  of  paper  on  the 
rim  of  the  chronograph  he  placed  a  metal  point,  which  should,  at  the 
instant  of  passing  the  occulting  bar,  pass  through  a  globule  of  mercaxy, 
completing  the  circuit,  and  making  thus  the  strip  of  paper  record,  by  the 
magnetic  pen,  its  own  occultation  with  infallible  and  perfect  accuracy. 
If,  then,  an  observer  note  the  passage  with  another  magnetic  pen,  he  has 
at  once  the  mode  of  determining  his  personal  equation  or  personal  accu- 
racy. Passing  next  to  errors  of  levelling,  Professor  Mitchell  described  a 
mode  by  which,  through  the  means  of  cups  of  mercury  placed  on  each 
pier  of  the  transit  instrument,  connected  by  a  tube  of  mercury,  he  can  at 
each  moment  of  observation  determine  the  levd  error  of  the  axis  of  his 
transit.  This  will  also  give  him  the  means  of  a  perpetual  deterjiination 
of  his  azimuth  error«and  coUimation.  Passing  next  to  modes  of  deter- 
mining declination  or  polar  distance.  Professor  Mitchell  spoke  of  the 
value  of  the  micrometer  screw,  ani  gave  an  account  of  his  experiments, 
by  which  he  demonstrated  the  practical  liability  to  error  involved  in  mea- 
surements dependent  upon  a  screw,  and  which  had  led  him  to  the  condu- 
sion  that  he  would  henceforth  never  rely  upon  micrometric  measurement. 
He  must  have  more  perfect  instruments.  An  attempt  had  been  made  to 
make  such  an  instrument ;  it  had  been  in  use  in  his  observatory,  and  he 
would  now  present  to  the  Section  some  of  the  results.  These  results 
show  that  his  present  instrument  gave  him  the  means  of  recording  the 
right  ascension  and  declination  of  each  star  of  a  group,  at  one  single  pis- 
sage  of  the  group  over  the  meridian,  wifti  an  accuracy  unsurpassed,  nay 
unequalled,  in  the  working  of  any  observatory.  After  mentioning  these 
results,  the  Professor  described  the  simple  machinery  of  the  instrument, 
by  which  he  gives  a  mechanical  multiplication  to  the  motion  of  the  great 
telescope,  so  that  the  motion  of  a  needle  over  a  graduated  arc  gives  the 
means  of  reading,  by  the  naked  eye,  the  motion  of  the  telescope  to  the 
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tenth  of  a  second  of  arc.  He  detailed  the  careful  experiments  by  which 
he'  proved  that  the  needle  was  absolntel j  and  inyariably  obedient  to  the 
motion  of  the  telescope.  He  had  also  the  best  witness  to  the  accuracy 
of  the  machinery  in  the  delicacy  of  his  astronomical  results.  A  double 
star,  for  example,  of  the  ninth  magnitude,  the  components  being  of  equal 
size,  about  15"  apart,  but  differing  only  nine-tenths  of  a  second  in  decli- 
nation. This  pair  haying  of^n  been  observed  on  different  nights,  it 
occurred  to  him  to  make  a  comparison  of  the  differences  on  different 
nights,  and  he  found  to  his  delight  that  none  of  the  observations  differed 
one- tenth  of  a  second  of  arc  from  the  mean  of  nine-tenths.  No  micro- 
metric  work  of  any  observatory  is  supposed  to  give  such  results.  Professor 
Mitchell  closed  by  an  account  of  many  delicate  experiments  to  show  the 
changes  of  figure  produced  by  the  changes  of  temperature,  moisture,  &c., 
in  the  air  surrounding  the  instruments. 

Further  Investigation  relative  to  the  form,  the  nKignitude,  the  moss, 
and  the  orbit  of  the  Asteroid  Planets.  By  Stefhxn  Alxxandeb. — 
Professor  S.  Alexander  went  into  a  discussion  of  the  form,  the  magnitude, 
the  mass,  and  the  orbit  of  the  planet  by  whose  rupture  he  supposed  the 
asteroids  were  formed.  He  had  attempted  to  discover  the  physical  char- 
acteristics of  this  planet  and  its  ancient  motions  by  a  variety  of  in- 
dependent paths,  and  was  led  by  every  path  to  similar  results,  namely, 
that  the  old  planet  revolved  about  the  sun  in  about  1732  days,  rotating 
in  three  and  one-third  of  our  days,  and  having  a  diameter  about  nine 
times  that  of  the  earth,  but  being  excessively  fattened  at  the  poles. 
The  orbit  of  his  supposed  planet  he  also  shows  was  very  nearly  circular. 
In  some  of  hfs  investigations  he  had  made  great  use  of  the  remarkable 
analogy  first  discovered  by  Mr  Kirkwood  and  presented  to  the  Associa- 
tion at  the  Cambridge  meeting. 

Professor  Peirce  made  a  remark  on  the  industry  of  Professor  Alex- 
ander, and  the  remarkable  coincidence,  to  say  the  least,  which  he  had 
brought  to  light.  He  then  observed  that  the  analogy  between  the  ring 
of  Saturn  and  the  belt  of  the  asteroids  was  worthy  of  notice.  It  was  to 
be  remembered,  that  in  order  to  have  Saturn's  ring  remain  continuous 
and  flattened  into  so  thin  a  sheet,  the  radial  or  vertical  tide  in  the  ring 
produced  by  the  satellites  must  be  neither  too  large  nor  too  small.  But 
if  the  solar  system  were  formed  according  to  the  nebular  hypothesis,  the 
tides  in  the  remaining  mass,  after  the  formation  of  Jupiter,  must  have 
been,  from  his  great  size,  extraordinarily  great,  and  have  produced  a 
different  sort  of  ring  at  the  distance  of  the  asteroids  from  those  produced 
for  the  other  planets. 

Mr  Vaugraiv  observed  that  the  orbits  of  interior  planets  would  render 
those  of  exterior  ones  circular,  as  grinding  a  stopper  in  the  neck  of  a  jar 
rendered  it  circular. 

On  the  Heat  on  the  Sim's  Rays,     By  Elisha  Foots. 

On  the  Heat  on  the  Sun's  Rays.  By  Mrs  Elisha  Foote.  Read  by 
Professor  Henry. — These  papers  described  experiments  from  which  it 
was  inferred,  that  the  heating  power  of  the  sun's  rays  varies  with  the 
temperature  of  the  place  into  which  the  rays  fall,  that  the  temperature 
of  air  is  raised  by  sunshine  passing  through  it,  that  in  the  same  condi- 
tion rarified  air  is  less  heated  than  that  which  is  condensed,  moist  air 
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more  than  dry,  carbonic  acid  gas  more  than  atmospheric  air,  and  oxjgen 
more  than  hydrogen  gas. 

Approximate  cotidal  lines  of  diurnal  and  $emidiumal  tides  of  the 
Coast  of  the  United  States  on  the  Qulf  of  Mexico,  By  A.  D.  Bac^b. — 
The  paper  was  communicated  bj  authority  of  the  Treasury  Department. 
It  is  supplementary  to  those  on  cotidal  lines  of  the  Atlantic  and  Pacific 
coasts  heretofore  communicated  to  the  Association.  Preparation  was 
made  at  the  last  meeting  for  these  conclusions,  by  presenting  the  type 
curyes  of  the  Gulf  Coast.  The  tides  from  Cape  Florida  to  St  George's 
are  of  the  usual  type,  with  a  large  daily  inequality.  From  St  Geoi*ge's 
to  the  mouth  of  the  Mississippi,  they  are  of  the  single  day  type.  Then 
the  half-day  tides  reappear  to  extend  beyond  Galvestown,  the  day  tides 
recurring  at  Aransas  in  Texas,  and  southward.  When  the  type  curves 
were  presented,  the  mode  of  decomposing  them  into  a  diurnal  and  semi- 
diomal  wave  was  described. 

The  tide  stations  extend  along  our  whole  coast,  bat  obserrations  are 
much  wanted  beyond  it,  to  complete  the  investigation,  on  the  sonth  side 
of  the  straits  of  Florida,  on  the  eastern  coast  of  the  Gulf  of  Mexico 
sonth  of  Texas,  and  especially  between  Cuba  and  Yncatan  at  the  entrance 
of  the  Qulf  from  the  Carribean  Sea.  A  table  of  the  stations  at  which 
the  observations  were  made  of  the  heights  of  tide  (rise  and  &11)  observed, 
and  of  the  half-day  and  day  tides  was  given ;  and  another,  showing  the 
period  of  observation  and  the  name  of  ^e  observer.  The  first  table  is 
represented  on  a  diagram,  by  which  a  navigator  may  find  the  rise  and  fall 
of  the  tide  approximately  on  any  part  of  our  Gulf  coast.  The  least  ob- 
served rise  and  fall  is  at  Brazos  Santiago,  Texas,  and  is  nine-tenths  of  a 
foot.  The  greatest  is  at  Cedar  Keys,  Florida,  and  is  two  and  a  half 
feet.  The  difficulties  of  the  problem  presented  by  these  tides  are  ex- 
plained,— ^removable  in  part  by  the  progress  of  the  survey  in  the  Gulf; 
inherent  in  them  in  part. 

A  diagram  shows  the  general  form  of  the  curve  of  interval  between 
the  moon's  transit  and  high  water.  Advantage  is  ta^en  of  part  of  the 
curve  which  changes  but  little  in  ordinate,  to  obtain  an  average  luni- 
tidal  interval,  corresponding  in  Icind  with  the  number  for  cemi-diumal 
tides. 

These  tides  occur  about  the  period  of  greatest  declination  of  the  moon. 
These  intervals  at  greatest  declination  vary  greatly  during  the  year;  and 
the  form  of  curve  showing  the  annual  change,  is  presented  as  deduced 
from  observations  at  Key  West,  Fort  Morgan  (Mobile  entrance),  and 
Galveston,  as  well  as  from  San  Francisco  on  the  western  coast,  where 
the  results  are  remarkably  regular. 

In  comprising  the  two  sets  of  cotidal  lines  for  the  diurnal  and  semi- 
diurnal waves,  we  find  a  general  resemblance  in  the  great  bay  between 
the  western  coast  of  Florida  and  the  eastern  coast  of  Louisiana. 

Supplement  to  the  Paper  published  in  the  Providence  Proceedings,  on 
the  secular  variation  in  magnetic  declination  in  the  Atlantic  and  Oulf 
Coast  of  the  United  States,  from  observations  in  the  11  th,  \^th,andl9th 
centuries,  under  permission  of  the  Superintendent,  By  Chahles  A. 
ScHOTT. — In  a  paper  communicated  to  the  Association  at  the  Providence 
meeting,  the  secular  change  of  the  magnetic  declination  was  investigated 
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by  Mr  Sehott  In  the  course  of  last  summer  he  made  some  additional 
observations  by  direction  of  the  Superintendent  of  the  Coast  Survey,  and 
in  the  paper  now  presented  the  resists  are  combined  with  those  previously 
obtained.  The  former  deductions  have  gained  considerably  in  accuracy 
and  have  received  important  additions.  The  number  of  stations  is  in- 
creased from  ten  to  thirteen.  The  recent  observations  appear  to  show  a 
slight  diminution  in  the  rate  of  increase  of  westerly  declination,  leading 
to  the  supposition  that  the  inflection  in  the  curve  representing  the  secular 
variation  corresponds  to  about  1850.  All  the  observations  concur  in 
placing  the  minimum  about  1800.  The  present  rate  of  increase  of  west- 
erly  declination  is  about  five  minutes  annually  along  the  Atlantic  coast. 

Discussion  of  the  Secular  variation  of  magnetic  inclination  in  the 
North-eastern  States,  communicated  uimer  permission  of  the  Superin- 
tendent and  authority  of  the  Treasury  department.  By  Charles  A. 
SoHoiT. — The  results  are  confined  to  the  limits  of  38°  and  41^ 
of  north  latitude,  there  being  too  few  observations  in  the  southern  part 
of  the  United  States  to  permit  safe  inferences  there.  The  element  of 
magnetic  dip,  though  less  important  practically  than  that  of  declination, 
is  of  value  in  navigation  in  certain  latitudes,  and  from  its  connection 
through  Gauss'  investigations  with  the  declination  and  intensity,  assumes 
a  high  degree  of  importance.  Where  the  declination  observations  on 
this  coast  go  back  to  the  seventeenth  century,  the  dip  has  only  been  ao'^ 
curately  observed  for  23  years ;  for  the  earliest  observations  made  in 
1782  were,  from  the  imperfection  of  the  instruments,  of  little  value* 
During  this  period  the  dip  has  decreased,  reached  a  minimum,  and  be- 
gan again  to  increase  ;  so  that  it  has  been  a  highly  interesting  period  for 
observation.  The  lines  of  equal  dip  have  been  deduced  by  Professor 
Loomis,  witb  his  usual  ability,  from  the  observations  which  had  accu- 
mulated before  the  date  of  his  paper.  The  present  memoir  includes  ad- 
ditional results,  and  discusses  161  observations  made  at  the  different 
stations  between  Toronto  on  the  north,  and  Baltimore  on*  the  south. 
The  same  modes  of  discussion  were  adopted  as  in  Mr  Schott*s  former 
paper,  and  the  results  at  each  station  are  separately  discussed,  and  the 
computed  result  compared  in  tables  with  the  observed.  The  average 
probable  error  of  the  results  at  any  one  station  is  about  one  minute  and 
8iz- tenths  of  dip,  and  the  time  of  minimum  dip  is  ascertained  to  be 
about  two  years  and  seven-tenths.  This  time  was  the  year  1843,  or 
rather  the  close  of  1842  (1842-7.)  Mr  Schott  points  out  why  these 
results  do  not  agree  with  Professor  Hahsteen*s,  who  had  not  observations 
enough  'to  determine  the  epoch  of  minimum  depth  with  accuracy.  Ob- 
eervations  on  the  Western  coast  confirm  these  results  for  the  Eastern. 

Remarks  on  Ozone, — Observations  by  Professor  William  B. 
Rt^OEsa. — Professor  Rogers  said  that  the  chief  object  in  this  communi- 
cation was  to  call  the  attention  of  American  observers  to  a  branch  of 
inquiry  which  as  yet  they  had  greatly  neglected,  and  to  indicate  a  change 
in  the  methods  of  observation,  which  he  thought  essential  to  make  the 
effects  on  the  ozonometer  a  fair  measure  of  the  quantities  of  ozone  in 
the  atmosphere.  He  had  hoped,  also,  to  elicit  from  Dr  SmaUwood  of 
Montreal  some  of  the  results  of  his  long  experience  in  this  class  of 
observations,  but  was  deprived  of  the  advantage  by  that  gentleman'i 
departure.  ' 
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Profesaoir  Rogers  presented  the  results  of  two  short  series  of  obeerrft- 
tions,  the  first  of  which  were  mode  in  the  City  of  Boston,  at  a  station  on 
the  eastern  side  of  the  extensive  Common,  the  second  on  a  hill  fifty  miles 
westward  of  the  city,  at  a  height  of  about  five  hundred  feet  above  tide^ 
in  the  midst  of  an  niidulatory  rural  district,  covered  with  verdure,  and 
removed  from  any  ooUection  of  houses  or  manufaetories.  The  ozono- 
B»eter  used  was  the  ordinary  test  paper  of  Schoenbein,  which  was  exposed 
freely  to  the  outer  air  in  sudi  a  way  as  to  be  sheltered  from  strong  light 
and  from  rain. 

The  city  observations  e^rtended  from  the  1st  of  February  to  the  31  st  of 
May.  In  these  it  was  found  that  winds  coming  from  any  of  the  eastern 
points  gave  little  or  no  indication  of  ozone,  but  those  from  western  pmnts, 
especially  from  the  N.W.,  pi:|Huced  a  strong  impression  upon  the  test 
paper.  Thus  for  the  four  mcmths  o^  observations  in  the  city,  the  meaa 
for  east  winds  was  0'%,  that  for  west  winds  was  3*9,  the  f<Mrmer  showing 
no  trace  of  ozone  unless  when  the  current  was  very  stiong. 

At  the  country  station,  the  observations,  extending  fr<»n  the  let  of 
June  until  late  in  August,  when  the  rep^M't  was  drawn  np,  furnished  very 
different  results.  Here  the  air,  from  whatever  point  it  arrived,  was  more 
or  less  ozonized,  rarely  showing  a  less  amount  than  that  conespoDding 
to  5  on  Schoenbein's  scale,  often  attaining  9,  and  occasionally  even 
reaching  the  maximum,  or  10.  In  only  a  single  instance  throughout  the 
summer  was  there  an  entire  absence  of  effect.  In  this  series  the  mean 
for  east  winds  was  somewhat  greater  than  that  for  the  opposite  cnrrents. 
The  former  was  7*6,  and  the  latter  6  7  of  Schoenbein's  scale. 

The  almost  entire  absence  of  ozone  in  east  winds  at  the  Boston  station, 
and  its  presence  in  those  from  W.  and  N.W,  Professor  Roger  ascribed  to 
the  circumstance  that  the  former,  in  order  to  reach  the  place  of  observi^ 
tion,  had  to  traverse  a  wide  extent  of  the  densely  built  city,  while  those 
coming  from  westerly  points  reached  the  common  with  but  little  iBter> 
mixture  of  air  from  streets  or  buildings. 

In  all  these  observations  it  was  remarked,  as  a  general  resist,  that  the 
effect  on  the  test,  both  as  to  ra{Mdity  and  amount,  was  somewhat  m  pro^ 
po.  Hon  to  the  velocity  of  the  moving  air.  Numerous  instances  were  noted 
of  a  light  breeze  continuing  for  several  hours  with  but  a  small  impression 
on  the  paper,  while  the  strong  wind  which  followed  from  the  same  quarter 
produced  in  a  single  hour  the  most  marked  effect.  Indeed,  in  very  gusty 
days  the  impression  was  so  quickly  made  and  so  strong,  as  to  render  neces* 
sary  the  renewal  of  the  test  paper  several  times  within  the  twelve  hours. 

This  increase  of  ozonic  effect  with  the  velocity  of  the  wind  Professor 
Roger  considered  to  be  mainly  due  to  the  larger  amount  of  air  iMrought  in 
contact  with  the  test  in  a  given  time.  In  this  view  the  fact  becomes 
very  important,  as  showing  the  great  imperfection  of  the  common  mode 
of  observation,  even  for  purposes  of  rude  comparison,  since  in  observing 
successfully  in  a  calm  and  in  a  high  wind,  we  are  in  fact  eomp^nintg  the 
amount  of  ozone  in  vastly  different  quantities  of  air.  To  avoid  thin 
error,  8<mie  means  should  be  adopted  for  furnishing  to  the  test  equal 
quantities  of  air  in  equal  times.  Such  a  result  would  be  secured  by  an 
aspirating  apparatus  having  a  small  'Iiamber  in  the  path  of  the  current 
to  receive  the  test.  Such  an  arrangement,  capable  of  bringing  into  action 
a  large  volume  of  air  in  a  short  time,  would  doubtless  detect  ozone  in  m 
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mnltltttde  of  cases  where  the  oemmaa  observatioo  in  calm  air  would  show 
Boae.  It  would  also  enable  us  to  make  hourly,  or  even  half-hourly 
ohservations,  instead  of  waiting  for  the  slow  development  of  the  Bctioa 
through  half  a  day,  a  process  which,  instead  oi  somming  up  the  oxone 
actions  of  the  twelve  hoars,  allows  the  effect  of  one  period  to  be  more  or 
less  obliterated  by  that  which  follows. 

TidUU  Curr«wU  of  Saturn^ s  Ring,  By  Benjamin  PBinon.—  Professor 
Peiice,  in  commencing  his  remarks  upon  the  tides  of  Saturn,  observed  that 
this  subject  was  apparently  of  small  importance,  even  in  regard  to  Saturn  s 
own  system.  But  a  knowledge  of  this  subject  most  lead  to  a  thorough 
revision  of  all  that  has  been  done  upon  the  subject  of  the  constitution  of 
Satam's  rings.  The  tides  of  the  ring  are  therefore  important  to  be 
considered.  Briefly  alluding  to  the  maiA.  points  of  the  previous  discus- 
eions,  and  giving  credit  to  Laplace  for  a  paper  on  the  subject  which  ap- 
peared lately  to  have  been  forgotten,  he  called  upon  the  physicists  of  tlie 
eeetion  to  listen  carefully,  and  criticise  freely  the  physical  assumptions 
which  he  should  be  obliged  to  take  as  the  basis  of  his  calculations.  The 
Professor  then  proceeded  to  discuss  his  abstruse  problem,  illustrating 
the  4|uestion  by  means  of  the  brim  of  a  hat,  and  telling  the  audience  to 
remember  that  the  ring  of  Saturn  itself  was  thinner  in  proportion  to  its 
sice  than  the  hat  brim,  the  thickness  being  only  one-thousandth  of  its 
breadth. 

The  paper  itself  was  a  deeply  interesting  one  to  those  familiar  with 
mathematical  and  physical  inquiries,  but  was  too  technical  to  admit  of  a 
report.  The  interesting  points  in  the  theory  of  Saturn's  ring,  to  the 
general  reader,  are  that  the  ring  is  fluid,  and  that  it  is  held  up  from  col- 
lision with  the  planet  by  the  action  of  the  satellites.  These  points  havie 
been  announced  before,  but  Professor  Peiroe,  in  the  present  paper,  had 
given  a  much  fuller  and  more  complete  investigation  of  the  whole  phe- 
nomena, as  well  as  of  the  theory  of  the  subject. 

On  the  Meridian  InetrumenU  of  the  Dudley  ObeervatOfy.    By  A. 
Gould. — The  meridian  circle  and  transit  instrument  have  been  ordered 
from  Messrs  Pistor  and  Martin's  in  Berlin,  Prussia,  the  makers  of  the 
beautiful  instrument  ordered  by  Chancellor  Tappan,  recently  erected  at 
Ann  Arbor,  Michigan,  and  placed  under  tiie  care  of  Dr  Brunnow.     The 
instruments  are  to  be  somewhat  of  an  eclectic  construction.     There  ara 
two  types  of  astronomical  instruments — the  English  and  the  German. 
The  English  are  massive,  stable,  built  with  the  hope  of  preventing  errors 
in  the  position  of  the  main  parts  ;  while  the  German  are  light,  airy,  ar- 
tistic, built  for  ease  of  handling,  and  for  accurate  measurement  of  the 
minuter  movements.  The  one  is  the  instrument  of  an  engineer,  the  other 
that  of  an  artist.  Dr  Gould  proceeded  to  describe  the  modifications  which 
he  had  with  difBculty  induced  the  German  builders  to  introduce  into  these 
instruments.     The  telescope  of  the  meridian  circle  was  to  be  of  seven 
and  a  half  inches  aperture  and  ten  feet  focal.     The  glasses  are  from  the 
Messrs  Chance  of  Birmingham,  and  Dr  Gould  had  wished  to  have  them 
ground  and  figured  by  the  excellent  artists  of  our  own  country,  who  have 
so  well  proved  their  ability  to  give  unsurpassed  accuracy  to  large  object- 
glasses;   but  his  Gennan  friends  proved  sensitive,  and  insisted  upon 
either  doing  the  whole  work  or  none,  and  he  therefore  had  allowed  them 
to  figure  the  glosses,  with  the  proviso  that  they  should  be  carefully  ex- 
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amined  and  compared  w!th  the  best  American,  and  the  result,  whatever 
it  was,  should  be  made  public.     The  eye-pieces  are  to  have  both  a  ver- 
tical and  horizontal  motion,  and  the  diaphragm  to  be  provided  with  both 
a  vertical  and  horizontal  micrometer.     The  chronograph  was  to  be  used, 
but  in  the  case  of  the  polar  stars  the  slow  motion  requires  the  adoption 
of  a  system  of  micrometric  measurement  recently  introduced  into  the  Im- 
perial Observatory  in  Paris,  by  Leverrier.     It  had  been  decided  to  use 
Challis's  arrangement  of  collimators,  instead  of  the  convertibility  of  the 
object,  and  eye-piece,  and  of  the  telescope,  for  the  purpose  of  testing  the 
figure  of  the  tube.     Dr  Gould  would  not  take  up  the  time  of  the  section 
in  discussing  this  matter  at  length,  but  there  was  one  opinion  of  his  which 
he  would  advance,  namely,  that  he  did  not  conceive  the  flexure  of  the 
telescope  to  be  a  minimum  in  zenith  observations,  nor  a  maximum  at  the 
horizon.     The  circles  are  divided  to  two  minutes,  and  are  read  by  mi- 
croscopes to  the  tenths  of  a  second.     The  illamination  of  the  field  of  the 
Ann  Arbor  instrument  was  regulated  by  a  set  of  plates  somewhat  like 
those  which  on  a  large  scale  regulated  the  swell  of  an  organ.     A  method 
of  observing  bright  stars  has  been  introduced  in  the  new  circle,  by  which 
both  the  threads  and  the  field  may  be  illuminated,  but  with  complemen- 
tary colours.     Dr  Gould  described  the  means  which  had  been  arranged 
for  determining  every  instrumental  error  by  two  entirely  independent 
methods. 

On  Some  ISpdcial  Arrangements  of  the  Solar  System,  which  seem  to 
confirm  the  nehuiar  hypothesis.  By  Stephen  Alexander. — After  some 
remarks  to  show  that  this  hypothesis  cannot  justly  be  charged  with  an  athe- 
istic tendency,  Prof.  Alexander  presented  the  various  proofs  of  the  actual 
existence  of  nebulous  matter.  While  many  nebulse,  so  called,  had  been 
resolved,  others  had  not ;  and  the  comets,  the  zodiacal  light,  and  eclipses 
displayed  matter  of  this  kind  which,  of  course,  was  not  thus  resolvable. 
After  discussing  the  densities  and  distances  of  the  planets,  he  explained 
the  process  of  formation  of  solid  planetary  bodies  by  the  breaking  of  gy- 
rating nebulous  rings.  He  showed  that  the  planets,  as  now  situated, 
mark  the  centres  of  gyration  respectively  of  the  rings  from  which  they 
were  formed.  Neptune  was  thrown  off  by  itself;  there  was  one  ring  for 
Uranus,  a  double  ring  for  Jupiter  and  Saturn,  and  a  double  one  for  Mara 
and  the  asteroids,  and  so  on. 

Professor  Peircb  remarked  that,  according  to  the  nebular  hypothesis, 
there  should  be  at  first  but  little  eccentricity,  and  in  nature  Neptune  has 
scarce  any.  But  Neptune  would  produce  a  slight  perturbation  in  the 
next  ring,  and  Uranus  would  have,  as  it  has,  a  slightly  more  eccentric 
orbit.  When  we  came  to  Jupiter,  his  immense  mass  would  produce  tidal 
currents  in  the  next  ring  of  an  extraordinary  character,  and  we  have 
there  the  group  of  asteroids  with  their  eccentric  orbits.  Mars,  being 
smaller,  would  perturb  the  earth's  ring  but  little,  and  the  earth  has  a 
small  eccentricity.  But  again,  Venus,  being  so  large  in  proportion  to 
Mercury,  would  give  that  body  the  highly  eccentric  orbit  it  has. 

Discussion  of  the  terrestrial  magnetic  elements  for  the  United  States ^ 
from  observations  in  the  Coast  Survey  and  others,  A.  D.  Bacre  and  J.  E. 
HiLGARD. — The  magnetic  observations  made  in  connection  with  the  Sur- 
vey were  scattered,  at  160  different  stations,  along  the  entire  sea  coast, 
and  the  data  were  reduced  to  the  common  period  of  the  year  1850.     The 
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interpolation.  By  E.  B.  Elliott. — Mr.  EUiott^s  labonn  npon  the  Ptns- 
Biaa  and  other  tables  oonstitute  part  of  a  series  of  tables  that  are  pre- 
pared, or  being  prepared,  at  the  request  of  the  New  England  Mutual 
Life  Insurance  Companj  of  Boston,  from  official  returns  made  to  the 
English,  Swedish,  Prussian,  and  Belgian  Governments,  and  from  such 
reliable  American  statistics  as  can  be  obtained.  In  several  of  the  United 
States,  while  the  returns  of  the  living  are  sufficiently  trustworthy,  those 
of  the  numbers  dying  are  sadly  deficient.  The  present  Secretary  of 
State  in  Massachusetts  has  consented  to  a  change  in  the  registration  re- 
port for  1855,  which  will  afford  better  material  for  the  satisfactory  con- 
struction of  a  life- table  for  the  laiger  part  of  the  population  of  that  com- 
monwealth. Mr  EUiott  briefly  indicated  the  nature  of  the  table  pre- 
sented, and  the  formula  and  process  for  construction.  He  described  the 
more  common  methods  of  calculating  life  tables,  and  contrasted  them 
with  improved  methods  of  his  own,  illustrating  the  difference  by  diagrams, 
representing  the  intensity  of  mortality  in  various  communities  by  curves. 
He  discussed  different  methods  for  deducing  from  the  ratio  of  the  dying, 
within  certain  intervals  of  age,  the  probability  that  one  living  at  the 
earlier  age  will  attain  the  later,  and  indicated  an  accurate  method  for  ac- 
complishing that  object,  whether  the  deaths  for  the  period  be  variable  or 
uniformly  distributed  throughout  the  period.  He  also  gave  an  abridged 
method  for  computing  the  average  duration  of  life,  life-annuities,  and 
other  useful  tables,  from  population  and  mortality  returns,  which  reduces 
the  lal^our  of  weeks  to  hours,  but  giving  results  almost  identical  with 
those  obtained  by  the  tedious  modes  of  interpolation  in  common  use ;  the 
average  duration  of  life,  for  example,  calculated  by  the  short  method,  sel- 
dom differing  three  weeks  from  that  calculated  by  the  usual  mode. 

Researches  an  the  Ammonict-eohalt  hoses.  By  Dr  Wolcott  Gibbs 
and  Dr  F.  A.  Genth. — This  paper  presented  the  results  of  researches, 
carried  on  for  several  years  past,  to  determine  the  nature  of  the  bases 
formed  by  the  union  of  ammonia  with  the  sesquiozide  and  sesquichloride 
of  cobalt.  Dr  Gibbs  also  referred  to  a  series  of  compounds  discovered  by 
him,  which,  from  their  containing  sulphurous  acids,  he  had  called  Thio- 
cobalt.  These  researches  he  considered  as  of  high  scientific  interest, 
since  they  involve  the  combination  of  organic  with  inorganic  bodies,  and 
have  thus  an  important  bearing  on  medical  and  other  branches  of  applied 
chemistry,  as  well  as  upon  chemical  theory  in  general.  He  alluded 
incidentally  to  the  value  of  Chevreurs  scales  of  colour,  and  Haidinger's 
dichroecopic  laws. 

Redetermination  of  the  cUomie  toeight  of  Lithium,  By  J.  W.  Mallet. 
This  paper,  beginning  with  an  enumeration  and  criticism  of  the  reseaivhes 
on  the  subject  by  Arfwedson,  Yauquelin,  Gmelin,  Berzelius,  &e.,  de- 
scribes a  process  for  preparing  pure  chloride  of  lithium  from  the  ciystal- 
lized  spodumene  of  Goshen,  Massachusetts.  This  compound  was  then 
treated  with  nitrate  of  silver  to  determine  its  chlorine,  and  then  its 
lithium.  The  result  gave  for  the  equivalent  of  lithium,  86*89,  or  on  the 
hydrogen  scale,  6*95. 

(To  he  Continued,) 
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Dr  Cleland  on  the  Ovhemaculum  Testis.* 

The  fbllowing  is  a  summary  of  the  Mechanism  of  the  Gubemaculum 
Testis,  as  detailed  in  the  Prize  Thesis  submitted  bj  Dr  Cleland  to  the 
Medical  Faculty  of  the  University  of  Edinburgh,  and  now  published. 

Viewed  from  the  peritoneal  cavity,  the  earliest  gubernacular  structures' 
are  a  peritoneal  elevation  passing  on  the  surface  of  the  Wolffian  body 
from  the  lower  end  of  the  testicle  to  the  junction  of  the  epididymis  and 
vas  deferens,  and  a  more  marked  continued  elevation  from  the  latter 
point  to  the  groin.  The  former  elevation  shortens  and  disappears  by  the 
approach  of  the  testicle  to  the  extremity  of  the  epididymis.  The  latter 
one  is  prolonged  into  a  pit  which  forms  round  its  inferior  attachment,  viz., 
the  processus  vaginalis.     This  elevation  is  the  plica  gubematriz. 

Similar  structures  are  found  in  the  female  embryo,  where  the  comu 
uteri  corresponds  to  the  vas  deferens,  the  Fallopian  tube  and  its  fimbriao 
to  the  epididymis  and  coni  vasculosi,  and  the  corresponding  elevation  to 
that  first  mentioned  is  the  rudiment  of  the  ligament  of  the  ovary,  while 
its  continuation  is  the  round  ligament  at  who&e  extremity  is  the  canal  of 
Nuck. 

Viewed  outside  the  peritoneal  cavity,  the  first  condition  of  the  guber- 
naculum  is  as  a  cord,  formed  above  from  the  external  surface  of  the  peri- 
toneum, and  perhaps  some  fibres  issuing  from  the  pHca  gubematrix.  This 
gives  and  receives  fibres  from  the  various  layers  of  the  abdominal  wall, 
until  it  reaches  its  inferior  attachment  at  the  scrotum.  As  the  processus 
vaginalis  is  formed,  the  fibres  begin  to  be  developed  in  two  directions, 
some  clinging  to  the  processus  vaginalis,  and  some  following  the  direc- 
tion of  the  gubernacular  cord  to  the  scrotum.  As  the  process  advances, 
the  first  set  are  the  principal,  and  ultimately  the  only  ones  which  are  de- 
veloped. Thus,  is  formed,  agradually  thickening  bulbous  extremity,  which 
pushes  its  way  down  the  centre  of  the  gubernacular  cord ;  whose  fibres, 
separated  before  it,  form  a  kind  of  funnel-shaped  cavity,  and  at  last,  when 
the  processus  vaginalis  has  reached  the  scrotum,  are  quite  incorporated 
with  the  neighbouring  tissues. 

Fibres  of  the  internal  oblique  muscle  arch  downwards  in  front  of  the 
gubemaculum,  and  from  these  the  cremaster  muscle  is  formed. 

Other  fibres  ascend  from  the  internal  oblique  muscle  on  the  surface  of 
the  gubemaculum,  but  subsequently  undergo  atrophy. 

The  gubernacular  cord  also  receives  ascending  and  descending  fibres 
from  the  aponeurosis  of  the  external  oblique  musde  and  from  the  fascia. 

The  gubemaculum  consists  altogether  of  two  parts,  a  peritoneal  process 
descending  in  advance  of  the  testis,  and  a  fusion  of  the  layers  of  the  ab- 
dominal wall. 

The  plica  gubematrix  disappears  by  contraction,  not  by  eversion. 

The  purpose  of  the  descent  of  the  Testes, — The  descent  of  the  testes  to 
the  scrotum  is  part  of  a  contrivance,  to  which  the  peculiar  nature  of  their 
vascular  supply  and  the  dense  structure  of  the  tunica  albuginea  give 
aid,  by  means  of  which  an  equilibrium  of  secretion  and  absorption  is 
maintained,  and  the  testes  remain  always  fall  of  fresh  secretion,  but  not 
overflowing.     The  same  peculiarities  of  structure,  when  the  muscular 

*  Mr  Curling  has  attracted  Dr  Cleland's  attention  to  the  circumstance,  that  he 
has  referred  to  Mr  Curling's  latest  paper, — that  in  the  CyolopaBdia  of  Anatomy  and 
Physiology,  and  not  to  his  original  paper  on  the  Gubernooulum,  which  appeared  in 
1841,  and  was  thertjfore  several  yean  prior  to  that  of  M.  Uubin. 
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tunics  are  contracted,  cause  the  expulsion  of  secretion  from  the  tubuU 
seminiferi. 

Serresius  galeatus,  Bonap. — ^Prince  Bonaparte  has  described  a  new 
pigeon  from  the  Marquesas  Islands  of  a  very  remarkable  form.  The 
head,  feet,  and  one  wing,  are  all  that  have  yet  been  received  of  this  bird. 
Yet  upon  these  the  Prince  founds  a  new  genus  in  honour  of  his  friend 
Professor  Serres,  the  successor  of  BlainviUe  and  Cuvier.  This  species,  to 
judge  from  the  portions  preserved,  is  only  about  one-third  less  than  the 
Goura,  and  is  allied  to  that  group  of  fruit-eating  pigeons  known  as  the 
CarpophagcB,  The  bill  measures  IJ  inches  in  length,  and  the  toes  are 
longer  than  those  of  Ooura  coronata ;  but  the  remarkable  part  of  its 
structure  consists  in  the  maxilla,  as  far  as  the  bend  at  the  tip  being 
covered  with  a  membrane  clothed  with  thick  scale-formed  feathers.  This 
membrane  can,  in  life,  be  raised  at  will,  in  the  form  of  a  feathered 
caruncle. 

Shark  Oil. — The  shark  oil  trade  is  of  recent  growth  in  North  Green- 
land. It  has  lately  extended  as  far  north  as  Proven.  At  Neorhanek,  the 
seat  of  the  greatest  yield,  about  300  fish  are  taken  annually.  The  oil 
is  expressed  from  the  liver  of  the  arctic  shark  8.  horealis,  the  Hvowcalder 
of  the  Icelanders ;  it  is  extremely  pure,  resisting  cold,  and  well  adapted 
for  lubrication.  It  brings  a  higher  price  in  the  Copenhagen  market  than 
the  best  seal  oils. — (Kane,  Arctic  Explorations,) 

ZOOLOGICAL  BIBLIOGRAPHT. 

The  Woolhope  Naturalists*  Field  Cliib.  Established  1851.  Here- 
ford, 1856.  8vo. — The  first  printed  record  of  one  of  those  very  use- 
ful clubs  which  devote  themselves  to  the  investigation  of  local  natural 
history.  It  contains  the  addresses  of  the  Presidents,  and  a  paper  on  the 
Ichthyology  of  Herefordshire  by  Hewett  Wheatley,  Esq. 

Die  Fossilen  Mollusken  des  Terticer-Beckens  von  Wien ;  unter  der 
Mitwirkuny  von  Paul  Partsch,  bearbeitet.  Von  Dr  M.  Hornes.  Wien, 
1856.  4to. — The  third  and  concluding  part  of  the  univalves  is  completed, 
forming  a  volume  entire  in  itself.  German,  with  Latin  specific  charac- 
ters, and  illustrated  by  52  lithographic  plates  of  the  greatest  artistic 
excellence. 

Firdands  Mollusken.  Beskrifne  af  A,  E.  Nordenskiold,  Licentiat, 
och  A,  E,  Nylander  Kandidat.  Med.  7  plancher.  Helsingfors,  1856. 
8vo. — Appears  to  be  a  good  guide  to  the  land  and  fresh  water  moUusca 
of  Finland.  The  letterpress  is  Danish,  but  the  specific  characters  are 
given  in  Latin.     The  plates  are  mostly  clear  outlines. 

Monographia  Auriculaceorum  viventium,  sistens  de^criptiones  syv- 
tematicas  et  criticas  omnium  hujus  familiar  generum  et  specierum 
hodie  cognitarum,  necnon  fossilium  enumeratione.  Aucture  Ludovico 
Pfeiffee,  Dr  Cassbllano.  Cassellis,  1856.  8vo. — Written  entirely  in 
Latin.     242  species  are  described. 

Die  Tineen  und  Pterophoren  der  Schweiz.  Von  Prof.  Heinbich 
Fbby.  Zurich,  1856.  8vo.-^->Qerman,  the  specific  characters  written  in 
Latin. 

Die  Kritischen  Ghruppen  der  Europdischen  Clausilien.  Von  Adolf 
Schmidt.  Leipzig,  18.'>7.  4to. — German,  with  Latin  specific  characters  ; 
with  lithographic  plates,  giving  outlines  of  the  shells ;'  and  enlarged 
finished  figures,  in  various  positions,  of  the  mouth  and  other  Important 
parts  of  structure. 
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On  the  Pines  of  Ma/mmoth-Tree-VaU,  Thirty  Miles  north  of  Sonora, 
— Golonel  Fremont  describes  the  largest  red-wood  measured  by  him  to 
be  15  feet  in  diameter  and  275  feet  in  height. 

Mr  Walter  Hitchcock  gives  the  following  account  of  forest  wonders 
which  fell  under  his  own  observation.  **  One  which  had  been  felled  was 
bored  down  with  long  augers,  and  took  four  men  twentj-two  days  to  get 
it  down."  The  stump  remains,  6  feet  high ;  and  its  surface  has  been  made 
leyel.  **  I  measured  it,"  £rom  inside  the  bark  across  to  inside  the  bark, 
**  and  it  measured  25  feet ;  and  is  perfectly  sound  to  the  heart."  Fifty- 
two  feet  in  height  of  the  bark  in  sections  were  taken  to  New  York.  At 
166  feet  from  uie  ground  the  diameter  is  10  feet ;  at  280  feet  it  is  still 
4  feet  in  diameter.  At  this  point  it  had  been  broken  across,  and  the  re- 
mainder was  much  injured.  But  its  height  before  it  was  felled  '*  was  set 
down  at  300  feet." 

'*  There  are  some  larger  ones  blown  down."  One,  eyidently  decayed  before 
it  fell,  had  been  *'  in  its  fall  broken  off  60  feet  from  the  roots.  This  part  is 
hollow ;  and  I  cannot  give  you  a  better  idea  of  its  size  than  by  telling  you 
that  I  rode  my  horse  through  it  from  end  to  end."  **  But  this  is  not  the 
largest.  There  is  another  one  blown  down,  which  measures  110  feet  in 
circumference  (35  therefore  in  diameter)  and  410  feet  in  length.  This, 
too,  is  hoMow. ''-^Bartletfs  Personal  Narrative  of  Explorations  and 
Incidents  in  Texas,  New  Mexico,  California,  dfc,  connected  with  the 
United  States  and  Mexican  Boundary  Commission,  du/ring  the  years 
1850-1-2-^,  vol.  iL  p.  22,  foot-note.) 

Peruma^  Bcirh-tree.^^The  trees  yielding  Peruvian  bark,  which  grow 
at  an  elevation  of  7000  to  8000  feet  on  the  Andes,  have  for  a  long  series  of 
years  been  felled  for  the  sake  of  their  bark,  and  no  pains  was  taken  to 
replace  them.  Fears  have  naturally  been  entertained  that,  ere  long,  the 
supply  of  bark,  and  consequently  of  Quinine,  would  fail.  Efforts  have 
consequently  been  made  to  transplant  the  tree  into  countries  where  it  is 
supposed  the  climate  would  be  suitable.  Dr  Royle  has  taken  mea- 
sures for  introducing  Cinchona  Oalisaya  or  the  yellow  bark-tree  into  the 
higher  regions  of  India ;  and  of  late  vears  the  Dutch  Government  have 
emplcnred  Mr  Hasskarl  to  transport  plants  of  various  species  of  Cinchona 
from  r^orth  America  to  Java  and  other  parts  of  the  Dutch  East  Indies. 
These  attempts  have  been  successful;  and  the  reports,  in  regard  to  the 
growth  of  the  plant,  are  such  as  to  lead  to  the  expectation  that,  ere  lonff, 
the  Peruvian  bsirk-trees  will  be  scattered  over  extensive  districts,  and  wul 
thus  be  saved  from  destruction. 

Cuba  Bast, — The  source  of  this  material,  which  has  long  been  used  for 
various  horticultural  purposes  in  this  country,  has  been  hitherto  unknown. 
Sir  William  Hooker  has  been  enabled,  through  the  kindness  of  Henry 
Christy,  Esq.,  to  ascertain  that  the  plant  which  yields  this  valuable  fibrous 
substance  is  a  Malvaceous  plant,  Hwiscus  status,  Sw.,  Paritium  elatum, 
Rich.— a  tree  scarcely  to  be  distinguished  from  Paritium  tiliaceum, 
StHiL 

Garden  at  Bangalore,  East  Indies, — The  Indian  Qovemment,  at  the 
suggestion  of  Dr  Hugh  C.  Cleghom,  Professor  of  Botany,  have  resolved  to 
establish  a  garden  at  Bangalore,  so  as  to  form  a  connecting  link  between 
the  gardens  at  Madras  and  Ootacamund.  The  garden  will  be  placed  under 
the  superintendence  of  Mr  Jafirey,  who  has  been  for  some  years  in 
charge  of  the  Aeri-Horticultural  Garden  at  Madras.*  Mr  Jaffrey  was 
trained  under  Mr  M'Nab,  at  the  Botanic  Garden  of  Edinburgh.    The 

•  Blr  Jaffirey  is  now  publishing  an  aoooont  of  the  Vegetables  used  in  India. 
HBW  SBBUSB. VOL.  V.  NO.  I, ^JAKUAKT  1857.  ^ 
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Commissioner  of  Mysore  has  entofed  wsrmly  into  the  ammgementSy 
and  will  do  all  in  his  power  to  faoilitate  the  formation  of  the  garden 
and  to  ensure  its  success  when  established.  The  locality  selected 
by  Dr  Cleghom  for  the  garden  is  Lall  Bagh.  It  comprises  rather 
more  than  forty  acres,  well  situated,  and  sloping  g^tly  towards  the 
north.  The  soil -^judging  £rom  the  crop  of  sugar-cane  now  in 
the  ground,  and  from  various  other  prodact»— is  generally  good.  The 
supply  of  water  in  ordinary  seasons  is  abnndant»  and  the  tank  at  its  noper 
extremity  admits  of  easy  enlargement,  if  this  be  found  necessary.  Witer 
has  been  found  near  the  surface  at  several  places,  and  there  are  great 
facilities  for  irrigating  the  ground.  The  expense  proposed  is  300  rupeea 
monthly,  besides  a  grant,  in  the  first  instance,  of  2000  rupees.  As 
regards  management,  it  is  suggested  that  the  garden  superintendent,  and 
every  one  connected  with  it,  should  be  under  the  immediate  and  exclusive 
control  of  the  Commissioner  of  Mysore.  The  great  objects  of  the  garden , 
Dr  Cleghom  remarks,  are  the  improvement  of  indigenous  products,  the 
introduction  of  exotics,  the  supply  of  them  to  the  hills  and  j^lains,  and 
the  exhibition  to  the  people  of  an  improved  system  of  cultivation  in 
practical  and  successful  operation.  The  climate  is  highly  favourable,  and 
the  soil  capable  of  producmg  the  best  description  of  Bumy  vegetable  pro- 
ducts. Bangalore  is  much  better  suited  for  agrioultum  and  horticul- 
tural experiments  than  either  Ootacamund  or  Madras,  and,  from  its  central 
position  and  intermediate  elevation,  the  finer  kinds  of  vegetables  and 
better  sorts  of  graft  trees  may  be  disseminated,  with  great  sucoev,  to  the 
neighbouring  ranges  of  hills. — Dr  Cleghom* 8  Report  to  theMadnu  Qo- 
vernment, 

BOTAKICAL  BIBLIOQBAPHT. 

Lovdon*i  EncyclopcBdia  of  Plants,  comprising  the  specific  character, 
description,  culture,  history,  application  in  the  arts,  and  every  other  de- 
sirable particular  respecting  ail  the  plants  indigenous  to,  or  cultivated 
in,  or  introduced  into  Britain.  New  edition,  corrected  to  the  present  time. 
Edited  by  Mrs  Loudon,  assisted  by  George  Don,  F X.S.,  and  David  boos- 
ter, late  curator  of  the  Ipswich  Museum.  This  is  truly  a  wonderful 
work,  and  displays  in  no  ordinary  degree  the  patient  research  of  Mr 
Loudon.  It  extends  to  1574  pages,  and  contains  nearly  10,000  figures. 
It  is  a  most  valuable  work  for  gardeners  and  horticulturists,  and  ought 
to  be  in  eveir  public  botanical  institution. 

The  First  Part  of  the  I4th  volume  o£De  Candolle'g  Prodromus  has  just 
been  published.  It  contains  Polygonacess  by  Meisner,  with  the  suborder 
Eriogoneas  by  Bentham,  Myristicaoeae  by  Alphonse  Decandolle,  Proteaces 
by  Meisner,  Penseacese  and  Geissolomaceee  by  Alphonae  Decandolle.  We 
are  rejoiced  to  see  that  this  important  work  is  progressing,  although  it  is 
still  far  from  being  complete.  At  the  present  rate  of  publication  it  pro- 
mises to  go  on  for  another  generation.  When  finished,  tne  earlier  volumes 
will  undoubtedly  require  to  be  revised  and  reprinted,  so  as  to  bring  them 
up  to  the  state  of  science.  The  labour  of  such  a  work  is  enormous,  and 
the  mode  in  which  it  has  been  carried  on  reflects  the  highest  credit  on 
the  Decandolles  and  their  collaborateurs. 

Flora  Vectensii :  being  a  Syitematic  Description  of  the  PhcBnogtxmo^u 
or  Flowering  Plants  amd  Ferns  indigenous  to  the  Isle  ofWiaht^  with  a 
BotanicO'topoqrapMcal  Map  of  the  Island,  By  the  late  WiHiam  Arnold 
Bromfield.  ^Edited  by  Sir  William  Jackson  Hooker  and  Dr  Thomas  Bell 
Salter.  This  work  is  the  result  of  the  carefbl  observations  of  Dr  Btoln- 
field  during  many  years.  The  editors  give  the  fi>Uowing  statement  in  the 
preface: — 
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"  Dr  Branfield  bteama  residnt  at  Byd»,  in  tlw  Lde  of  Wight,  in  the  par  1836, 
and  shortly  afterwards  oonoeired  the  idea  of  nreparing  a  Flora  of  the  Island.  He 
was  not  content  to  follow  the  nsoal  praotiee  in  the  makins  of  looal  Floras  and  Faunas, 
and  to  be  satisfied  hy  presenting  merely  a  tolerably  full  nst ;  bat  he  determined  that 
the  inrestigation  should  be  Tery  oomplete,  and  that  eyery  species  should  xeeeiTo  an 
orig^al  deeoription.  Nor  was  he  satisfied  with  a  mere  euraory  reeeareh  in  the 
framing  of  these  descriptions,  or  with  copying  any  character  from  oUier  authors  m- 
rerified  by  his  own  ezaminatiens.  He  was  also  emiaUy  carefol  to  avoid  describing 
general  characters  from  individuals  or  varieties^  and  endeavoured,  with  immense  and 
most  persevering  care,  to  select  such  points  as  tte  really  the  permanent  and  essential 
characters  of  genera  and  species.  To  ensure  this  result  he  was  in  the  habit  of  ob- 
taining a  Tciy  great  number  of  specimens  of  each  species,  eoUeoted  from  rarioiis 
localiaes ;  and,  whenever  practicable,  he  endeavoured  to  compare  Isle  of  Wight  speci- 
mens with  those  collected  at  a  distance.  Having  thus  secured  sufficient  material  for 
investigation,  his  next  aim  was  to  consult  eveiy  anchor  within  his  reach  for  all  the 
characters  which  diiferent  observers  had  noticed.  For  this  part  of  his  plans  he  had 
ocdlected  a  very  ample  botanical  library,  especially  of  foreign  aothors.  The  oharao- 
ters,  howerer^  observed  by  others  were,  for  his  own  descriptions,  mereW  suggestive ; — 
none  being  recorded  but  sueh  as,  after  earefol  examination,  he  himseu  found  to  exist 
in  nature. 

"  The  fenilts  of  these  careftil  investigations  were  the  most  aocurate  and  elaborate 
desoriptions  which  can  weU  be  imagined ;  but  such  were  the  time  and  labour  bestowed 
on  each  species — as  much  as  many  authors  would  give  to  a  genus  or  family— that  this 
circumstance  very  materially  retaorded  the  progress  of  the  work.  Unfortunately,  also, 
when  the  Isle  of  Wight  had  been  veiy  thoroughly  investigated  as  regards  stations, 
and  the  work  of  describinff  was  proceediMr,  the  author  enlarged  his  pun,  and  deter- 
mined to  oomprise  the  whole  county  of  Hampshire  within  the  scope  of  his  Flora. 
This  certainly  would  great^  have  added  to  the  value  of  tlie  work,  hiui  he  been  spared 
to  complete  it ;  but,  such  not  having  been  permitted,  it  is  impossible  not  to  regret  the 
interruption  which  the  search  for  localities  in  this  new  field  occasioned  to  the  deeorip- 
tion of  species.  Another  oanse  of  intarraplion  to  the  present  work  most  also  here  be 
meationed.  Dr  Bromfleld  had  an  intense  love  of  travel,  and  this  desire  ever  Imd  anon 
prerailed,  and  oooasioned  a  suspension  of  the  Island  Flora.  Extensive  tours  through 
the  islands  of  the  West  Indies,  and  through  Canada  and  the  States  of  North  America, 
although  they  contributed  most  valuable  information  to  the  pages  of  the  Lovidon 
Jcumoi  cfBotomy,  very  much  impeded  the  progress  of  the  present  work.  Finally,  in 
1^0,  Dr  BremiMd  started  on  an  excursion  to  Egypt,  NuWa,  and  Abysdnia ;  after 
whroh  he  waa  tempted  to  prolong  his  tour  into  Palestine  and  Syria,  where,  alas !  he 
was  cut  off  by  fever  at  Damascus.  Under  these  melancholy  drcumstanoes  the  manu- 
script of  the  unfinished  Flora  was  committed  to  the  editors  by  Dr  Bromfleld'a  nearest 
surviving  relative." 

Tba  editois  liftTe  bestowed  much  kiboiir  on  the  work,  have  done  ample 
JQstioe  to  the  materiala  left  by  Dr  Bromfield,  and  haye  pzodooed  a  most 
Mefhl  Flora  of  the  Itle  of  Wight. 

Flora  Ifkdfica, — We  regret  to  learn  that  this  valuable  work  is  likely 
to  be  arrested  in  its  progress,  owing  to  the  want  of  enoonraffement  on  the 
part  of  the  East  Incua  C(MQpany.  Drs  Thomson  and  Hooker  undertook 
the  work  at  their  own  risk.  The  First  Volume  gives  an  earnest  of  what 
might  have  been  expected  at  their  hands.  The  anthers  are  alreadj  well 
known  to  the  scientiio  world  bj  their  botanical  works,  and  every  one 
acquainted  with  sdenoe  is  aware  of  their  high  standing  and  of  their  tho- 
rough competency  for  the  task  they  have  undertaken.  The  work  is  a 
national  one,  and  promises  to  be  one  of  the  most  important  which  has  ap- 
peared in  the  botanical  world.  It  will  be  the  result,  in  a  great  measure, 
of  personal  observations,  aided  by  the  unrivalled  resources  of  the  Hook- 
erian  Herbarium.  That  such  a  boon  to  science  should  be  stopped  ibr 
want  of  funds,  and  that  the  authors  should  suffer  pecuniary  loss,  is  by  no 
means  creditable  to  our  country.  When  the  Admiralty  have  most  nobly 
published  the  results  of  arctic  and  antarctic  ezpedttions,  it  is  surdy  not 
too  much  to  expect  that  the  East  India  Company,  wiiioh  is  so  much  in- 
debted to  the  labours  of  scientific  men,  should  lend  a  helping  hmd  in 
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making  known  the  Tegetable  produetions  of  that  yast  territory  over  which 
they  rule. 

We  think  that  all  interested  in  science  should  unite  in  memorializing 
the  Company  on  this  subject,  and  we  cannot  for  a  moment  doubt  that  the 
unanimous  yoice  of  scientific  societies  and  scientific  men  will  ultimately 
preyaiL 

OhituarUi. — Christoph  Friedrich  Otto,  late  Director  of  the  Royal  Bo- 
tanic Garden  at  Berlin,  died  on  7th  September  1856.  He  was  bom  1st 
December  1783,  and  went  to  Berlin  in  1801.  He  was  employed  first  as 
a  journeyman  gardener,  and  afterwards,  at  the  recommendation  of  Will- 
denow,  was  made  Sub-Curator  of  the  Royal  Botanic  Garden.  In  1814  he 
was  appointed  Inspector  of  the  Berlin  Garden,  and  Director  of  the 
School  n>r  Young  Gardeners.  He  receiyed  the  fourth  class  of  the  order 
of  the  Red  Eagle,  in  testimony  of  his  services.  He  retired  from  his 
duties  in  1843,  on  a  pension  of  L.120.  He  published  several  botanical  works, 
and  he  edited,  in  connection  with  Dr  Albert  Dietrieb,  the  **  All^meine 
Gartenzeitung.''  A  genus  of  umbelliferous  plants  is  called  Ottoa,  His  son 
is  Sub-Inspector  of  the  Botanic  Garden  at  Hamburg.-^— Professor  Tineo, 
Director  of  the  Botanic  Garden  at  Palermo,  died  m  October  1856.  He 
is  succeeded  as  Director  by  M.  Todaro,  until  the  return  of  Professor 
Gussone  from  Isohia. 

GEOLOOT. 

EfecU  of  Arctic  Climate  on  recent  Skeletons, — On  the  first  of  Sep- 
tember, still  following  the  ioe-belt,  we  found  that  we  were  entering  the 
recesses  of  another  bay,  but  little  smaller  than  that  in  which  we  had  left 
our  brig.  The  limestone  walls  ceased  to  overhang  us.  We  reached  a 
low  fiord,  and  a  glacier  blocked  our  way  across  it.  A  succession  of  ter- 
races, rising  with  symmetrical  regularity,  lost  themselves  in  long  parallel 
lines  in  the  distance.  They  were  of  limestone  shingle,  and  wet  with  the 
percolation  of  the  melted  ice  of  the  glacier.  Where  the  last  of  these  ter- 
raced faces  abutted  upon  the  sea,  it  blended  with  the  ice-foot,  so  as  to 
make  a  frozen  compound  of  rock  and  ice.  Here  lying,  in  a  pasty  silt,  I 
found  the  skeleton  of  a  musk  ox.  The  head  was  united  to  the  auas,  but 
the  bones  of  the  spine  were  separated  about  two  inches  apart,  and  con- 
veyed the  idea  of  a  displacement  produced  rather  by  the  slioing  of  the  bed 
breath  than  by  a  force  from  without.  The  paste,  frozen  so  as  to  re- 
semble limestone  rock,  had  filled  the  costal  cavity,  and  the  ribs  were 
beautifully  polished.  It  was  to  the  eye  an  imbedded  fossil,  ready  for  the 
museum  of  the  collector.  I  am  minute  in  detailing  these  appearances, 
for  they  connect  themselves,  in  my  mind,  with  the  fossils  of  the  Eischoltz 
cliffs  and  the  Siberian  alluvions.  I  was  startled  at  the  facility  with  which 
the  siliceous  limestone,  under  the  alternate  energies  of  frost  and  snow,  had 
been  incorporated  with  the  organic  remains.  It  had  already  begun  to 
alter  the  structure  of  the  bones,  and  in  several  instances  the  vertebrss  were 
entirely  enveloped  in  Travertin. — {Ka/ne's  Arctic  Explorations,  1856.) 

The  space  occupied  by  the  Papers  of  Professors  Wilson  and  Goodsir, 
and  by  tne  Report  of  the  American  Association,  has  prevented  the  Edi- 
tors from  inserting  several  important  Original  Communications,  Reviews, 
and  the  usual  Reports  of  the  Edinburgh  Societies.  They  regret  that 
they  have  been  compelled  to  postpone,  till  next  number,  Mr  Slodget's 
Paper  on  the  Distribution  of  Heat  in  the  North  American  climate,  with 
Map ;  Professor  Bailey  on  the  Origin  of  Greensand ;  Mr  Baxter  on  the 
Influence  of  Magnetism  over  Chemical  Action ;  Mr  Murray  on  Insects 
transmitted  from  Quito  by  Professor  Jameson  ;  Mr  Brodie  on  Corals  of 
the  Lias ;  Dr  Davy  on  the  Vendace,  and  several  other  Communications. 
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United  States  were,  however,  consolidated  in  the  basis  of  the 
discussion  referred  to  in  this  paper. 

First,  the  eastern  border  of  the  great  plains  has  a  number  of 
long-established  military  posts,  with  series  of  temperature 
observations  for  periods  of  from  twelve  to  thirty  years.  From 
the  south,  they  are  in  the  following  order : — Fort  Jesup,  in 
Louisiana ;  Forts  Towson,  Washita,  Smith,  and  Gibson,  in  a 
group  near  the  35th  parallel,  longitude  95^  west;  Forts 
Scott,  Learmonth,  and  Council  Bluffs,  on  the  plains  near  the 
40th  parallel ;  and  Fort  Snelling,  at  the  45th  parallel.  The 
results  at  the  points  first  enumerated  have  been  previously 
discussed  on  the  basis  afforded  by  five  to  ten  years  of  obser- 
vation ;  but  for  the  report  prepared  by  the  writer  on  the  army 
meteorological  observations,  twelve  years'  observations  were 
added  to  each,  bringing  the  results  down  to  the  close  of  1854. 
Next  to  these,  westward,  are  several  posts,  having  three  to  six 
years  of  observation ;  which,  with  all  the  rest  on  the  entire 
continent  west  of  the  97th  meridian,  were  first  discussed  in 
the  report  alluded  to.  Two  or  three  of  these  are  near  Fort 
Snelling,  extending  the  area  of  which  that  is  the  centre; 
next  are  three  forts,  for  a  year  or  two  each;  equally  dividing 
the  entire  length  of  the  Missouri  River  above  Council  Bluffs, — 
the  last,  Fort  Benton,  being  at  the  foot  of  the  Rocky  Moun- 
tains ;  again,  two  posts,  Forts  Kearny  and  Laramie,  dividing 
the  distance  to  the  mountains  along  the  river  Platte,  and 
having  observations  for  six  years  each ;  and  for  the  last  re- 
presentative of  the  climate  of  the  plains.  Forts  Atkinson,  Ar- 
buckle,  and  Union,  occupying  the  same  space  on  the  Arkan- 
sas and  Canadian  rivers,  in  35"  to  37""  north  latitude. 

Below  this  area  of  the  plains,  the  posts  are  more  numerous, 
and  they  may  be  grouped  in  the  following  order; — Fifteen  being 
placed  at  the  border  of  the  high  plains  of  Texas,  about  a  cen- 
tral point,  at  32"^  north  latitude,  and  98°  west  longitude,  and 
having  periods  of  observation  from  three  to  six  years ;  eight 
posts  in  the  vicinity  of  the  Lower  Rio  Grande,  of  like  periods  of 
observation,  and  central  at  a  point  four  degrees  of  latitude  fur- 
ther south.  In  New  Mexico,  a  group  of  seven  posts  in  the 
vicinity  of  the  Rio  Grande,  from  the  32d  to  the  35th  parallel, 
occurs,  having  the  same  periods  of  observation  ;  and  another 
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of  six  posts,  north  of  the  35th  parallel,  and  at  a  much  greater 
altitude  above  the  sea  than  the  first.  Santa  Fe,  Fort  Massa- 
chusettSy  and  Fort  Defiance,  are  the  principal  of  these. 

Still  westward,  Fort  Yuma  represents  the  desert  of  the 
Lower  Colorado  of  California,  an  isolated  locality ;  and  at  or 
near  the  coast,  Santiago,  with  two  or  three  posts  less  permanent, 
represents  a  soft  transition  climate  of  vines  and  tropical  fruits 
in  southern  California.  Proceeding  northward,  the  posts  of  the 
entire  coast,  from  Point  Conception  to  Astoria,  are  identical  in 
climatological  character, — Monterey,  San  Francisco,  Bemicia, 
Fort  Ross  (Russian),  Forts  Humboldt,  Orford,  and  Astoria.  A 
group  in  the  interior  of  California  represents  an  isolated  cli- 
mate,— Forts  Tejon,  Miller,  Reading,  &c.  Forts  Vancouver  and 
Steilacorm  represent  a  partial  interior  district  in  Oregon;  Forts 
Dallis,  Owen,  and  Hall,  Kooskooskia,  and  Great  Salt  Lake, 
represent  positions  still  farther  in  the  interior,  and  of  consi- 
derable diversity  of  climatological  character,  but  their  periods 
of  observation  are  short. 

All  the  points  here  enumetated  furnish  new  material  of  a 
uniform  and  comparable  character ;  and  all  the  observations, 
except  those  at  Fort  Ross,  are  for  years  since  1848.  This 
comparability  constitutes  a  great  advantage;  and  a  second 
advantage  is  found  in  the  distribution  of  the  posts  in  groups, 
80  that  the  averages  of  groups  and  positions  may  be  taken  to  ob- 
tain a  perfected  general  expression.  This  last  is  an  effective 
process  for  correction,  when  the  details  of  observation  may  not 
be  implicitly  relied  upon.  All  the  observations  were  discussed 
in  this  synthetic  manner  in  arranging  and  reducing  the  ori- 
ginal observations  for  publication ;  and  all  the  opportunities 
for  elimination  and  correction  which  such  a  course  afforded 
were  seized  at  the  time.  La  the  ultimate  preparation  of  the 
charts  and  illustrations  this  corrective  process  was  continued. 

In  making  up  the  basis  for  constructing  a  climatology  in- 
cluding the  two  leading  conditions,  the  Distribution  of  Heat, 
and  the  Distribution  of  Rain,  the  new  material  alluded  to  was 
found  most  valuable  as  completing  the  structure  for  which  sum- 
maries had  been  before  accumulated  in  the  eastern  United 
States,  making  an  intelligible  framework  for  that  half,  but 
wanting  the  western  half  to  make  up  the  continental  whole. 

s2 
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In  the  eastern  portion  the  whole  mass  of  material  was  con* 
salted,  though  the  results  at  the  military  posts  were  alone  quite 
ample.  With  the  very  valuable  accumulations  from  scien- 
tific sources,  it  is  believed  that  a  better  basis  could  hardly  be 
employed  for  the  illustration  of  the  two  leading  conditions  of 
the  climate.  The  greatest  difficulty  arises  from  the  fact  of 
the  most  extensive  scope  given  to  the  inquiry  by  the  accumu- 
lation of  material  from  so  wide  a  field.  It  tends  to  give  the 
discussion  a  cosmical  character,— one  too  wide  and  general  to 
permit  accurate  attention  to  details ;  and  the  details,  both  of 
observation  and  deduction,  constantly  require  a  reference  to 
exterior  general  laws,  in  order  to  giveHhe  right  place  to  the 
facts  of  observation. 

The  force  of  this  remark  is  most  apparent  on  reference  to 
the  features  presented  at  the  immediate  coast  of  the  Pacific, 
and  to  the  measures  of  heat  observed  on  the  highest  interior 
plateaus.  In  both  cases,  the  facts  of  observation  look  incre- 
dible, and  they  must  be  illustrated  and  supported  by  analogies 
drawn  from  another  continental  area,  or  another  coast  similarly 
placed  cosmically,  to  permit  us  to  understand  them  fairly,  and 
at  last  to  receive  them.  It  is  not  enough  that  the  simple 
geographical  positions  are  similar ;  an  identity  of  atmospheric 
and  maritime  influences  must  exist,  and,  whatever  these  are, 
they  must  be  judged  by  the  aid  of  their  parallels  elsewhere, 
if  they  have  any  such  parallels.  There  is  no  deep  sea  current 
refrigerating  the  western  coast  of  Europe  in  temperate  lati- 
tudes, by  which  the  anomalous  cold  of  the  Pacific  coast  of  the 
United  States  in  summer  may  be  illustrated ;  but  we  find  its 
type  on  the  Peruvian  coast,  in  the  cold  waters  observed  by 
Humboldt;  and  the  cosmical  illustration  gives  us  the  parallel, 
therefore,  when  geographical  position  in  the  same  hemisphere 
fails. 

The  next  general  anomaly  is  the  great  measure  of  heat  at 
high  altitudes  of  the  interior ;  and  to  this  there  are,  doubtless, 
parallels  in  the  interior  of  Asia,  in  positions  not  geographically 
dissimilar.  The  simplest  statement  of  this  fact  is,  that  from 
the  30th  to  the  4>5th  parallels,  on  the  wide  Rocky  Mountain 
plateau,  an  altitude  of  four  thousand  feet  counts  nothing  in 
reduction  of  temperature  ;  positions  up  to  4500  feet,  in  fact» 


in  the  North  American  Climate*  209 

usually  giving  averages  equal  to  those  at  sea-level  on  either 
coast.  The  area  so  affected  is  nearly  20'^  of  longitude  in 
width,  and  the  condition  is  thus  one  of  the  first  magnitude  in 
its  relation  to  the  climatology  of  these  latitudes.  This  feature 
will  again  be  referred  to  briefly;  and  it  is  cited  here  to  show 
what  problems  are  started  by  the  simplest  illustration  of  the 
observed  facts  of  temperature  in  these  new  districts. 

It  must  not  be  forgotten,  in  entering  on  the  discussion  of 
the  distribution  of  heat  here,  that  at  the  Atlantic  coast  we 
meet  at  once  the  converse  of  laws  of  position  for  the  isothermals 
on  the  west  coast  of  Europe.  From  the  maximum  of  oceanic 
influences,  the  transition  is  abrupt  to  a  coast  in  the  immediate 
vicinity  of  the  maximum  of  the  antagonistic  continental  in- 
fluences ;  and  though  the  coast,  softened  by  proximity  to  the 
sea,  and  by  the  influence  of  the  gulf  stream,  gives  softened 
local  positions,  and  northward  curvatures  of  the  isothermals  of 
the  colder  seasons,  this  influence  disappears  at  a  very  short 
distance  inland.  From  Georgia  to  Labrador  the  area  is  con- 
tinental in  its  relations  to  heat,  and  it  is  only  prevented  from 
being  the  extreme  area  of  this  kind  for  the  continent  by  the 
intervention  of  the  great  lakes,  which  throw  the  extreme  dis- 
trict westward  of  their  position  at  their  latitude.  Above  and 
below  them  it  is  crowded  eastward  again  to  the  immediate 
vicinity  of  the  Atlantic  coast. 

The  measure  of  depression  for  the  isothermals  of  each  season, 
in  passing  from  the  European  to  the  American  coast,  need  not 
be  enlarged  upon,  as  it  is  already  very  well  known.  It  is 
greatest  in  winter  and  least  in  summer;  and  only  in  regard  to 
the  last  season  do  the  present  results  afford  anything  new. 
This  new  point  is  the  assignment  of  a  higher  value  to  our 
summer  temperature  than  before,  and  the  development  of 
what  may  be  termed  ultra- tropical  temperatures  in  the  southern 
part  of  the  United  States — averages  as  great  as  those  of  the 
arid  transition  belts  of  the  south  of  Asia.  A  curving  belt 
bordering  the  Gulf  of  Mexico,  and  from  3"  to  5°  of  latitude  in 
width,  has  averages  higher  than  those  of  the  tropical  seas  of 
the  south  ;  and  there  are  large  areas  at  some  little  distance 
from  the^oast  possessing  from  82°  to  85°  mean  temperature 
for  the  three  months.     Above  this,  and  in  the  Mississippi 
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Valley,  as  also  on  the  great  plains,  the  averages  of  summer 
heat  are  very  high,  and  the  isothermals,  for  that  reason,  exhi> 
bit  extraordinary  curvatures.  They  are  repelled  and  turned 
southward  at  the  great  lakes,  but  they  advance  on  the  plains 
in  the  vicinity  of  the  lakes  much  beyond  the  positions  hereto- 
fore given  them.  The  mean  of  75"  ascends  the  valley  of  the 
Missouri  nearly  to  the  45th  parallel,  and  this  isothermal  is 
bifurcated  or  expanded  over  a  great  area  south  of  that  river, 
where  the  plain  rises  above  the  river  valley  in  its  higher  lati- 
tudes. 

On  all  these  plains,  and  in  all  the  more  considerable  val- 
leys, it  has  been  the  design  to  illustrate  the  actual  superficial 
distribution  in  the  isothermal  charts,  without  correction  or  re- 
duction for  altitude  in  any  case  representing  the  general  sur- 
face of  the  locality  or  district.  The  changes  of  altitude  are 
so  moderate,  however,  that  few  curvatures  depend  upon  alti- 
tude alone,  and  most  of  the  instances  in  which  a  line  is  thrust 
northward  beyond  the  average  of  its  position,  are  evidently 
due  to  strictly  elimatological  causes — ^the  expansion  of  a  semi- 
tropical  heat  where  surface  favours  it»  and  where  positive 
causes  do  not  prevent. 

In  the  whole  illustration  it  has  also  been  found  imperatively 
necessary  to  adhere  to  the  surface  conditions,  as  presented  by 
the  observations  alone,  and  to  undertake  no  reductions  by  the 
rules  elsewhere  found  applicable  to  altitude,  to  obtain  the 
equivalents  at  sea-level.  On  the  irregular  surface  of  Europe, 
with  its  abrupt  elevations,  and  steep,  moderately>elevated 
mountains,  temperatures  observed  at  any  considerable  alti- 
tudes must  necessarily  be  corrected,  even  to  represent  the 
general  surface.  But  here  there  are  few  such  positions,  and 
generally  a  high  plain  or  plateau  constitutes  the  general  sur- 
face of  an  elevated  district.  In  entering  upon  these,  at  what- 
ever elevation,  it  is  at  once  apparent  that  the  rate  of  reduction 
for  the  altitude  cannot  be  the  same  as  in  the  case  of  a  sharp 
single  ascent  from  the  sea-level ;  and  that,  if  a  reduction  is 
attempted,  new  equivalents  must  be  obtained  for  its  scale.  It 
is  also  unessential  to  more  than  one  branch  of  even  the  most 
abstract  discussion  of  the  laws  of  distribution  of  teflperature, 
and,  as  an  indispensable  preliminary  to  all  discussion,  the 
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surface,  or  actaal  distribution,  must  first  be  known.  This  sur- 
face distribution  must  also  be  illustrated  before  one  derived 
from  it  by  corrections  for  altitude  can  safely  be  treated,  as  the 
results  must  be  generalized,  to  permit  verification  of  them  in 
the  first  instance.  It  has  been  preferred  to  open  none  of  the 
questions  of  vertical  distribution  in  the  present  case,  and  to 
draw  all  the  isothermals  according  to  the  actual  conditions  of 
the  general  surface  of  the  several  districts. 

The  citation  of  the  several  difierences  of  vertical  distribu- 
tion actually  found  to  exist  is  interesting  in  itself,  as  well  as 
illustrative  of  the  necessity  of  a  rigid  adherence  to  the  rule  of 
taking  the  facts  of  observation,  without  correction,  for  altitude. 
At  the  meridian  of  Fort  Snelling,  we  find  the  plain  rapidly  at- 
taining considerable  altitude  as  we  approach  it  from  the  east ; 
yet  for  all  seasons  except  winter,  we  find  the  isothermals  rising 
in  latitude  as  they  are  carried  west,  particularly  above  the 
40th  parallel,  and  continuing  to  do  so  to  the  foot  of  the  Rocky 
Mountains.  In  the  mean  for  the  year.  Fort  Benton,  and  the 
vicinity  of  the  Upper  Missouri,  at  2500  feet  above  the  sea,  are 
warmer  than  Fort  Snelling,  at  less  than  half  the  altitude, 
and  two  degrees  lower  in  latitude ;  and  the  first  point  is 
warmer  also  than  the  Atlantic  coast  at  the  same  latitude. 
Fort  Laramie,  on  the  Upper  Platte,  and  4500  feet  above  the 
sea,  presents  the  same  anomaly,  being  slightly  above  the  mean 
temperature  of  the  Atlantic  coast,  and  slightly  below  that  of 
the  Pacific  coast,  on  the  same  parallel.  The  posts  of  Upper 
Texas  generally  exhibit  a  slight  reduction  of  temperature  when 
placed  at  from  900  to  1500  feet  elevation,  but  not  such  a  re- 
duction as  would  be  the  equivalent  of  these  altitudes  in  Europe. 
In  the  Kio  Grande  valley  of  New  Mexico,  posts  at  the  average 
altitude  of  4000  feet  show  temperatures  equal  to  those  at  sea- 
level  for  the  latitude ;  those  at  5000  toOOOOfeetare  much  reduced 
in  temperature ;  and  those  at  8000  to  9000  feet  are  so  much 
reduced  as  to  show  some  decided  correspondence  to  European 
rules.  Thus,  El  Paso,  at  nearly  4000  feet  above  the  sea,  has 
nearly  the  same  mean  annual  temperature  as  Charleston,  which 
is  in  the  same  latitude.  Albuquerque,  at  5000  feet,  most  nearly 
corresponds  with  Baltimore,  4^''of  latitude  farther  north;  Santa 
Fe,  at  7000  feet,  with  New  York,  5"*  of  latitude  northward  ; 
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and  Fort  Massachusetts,  at  8400  feet,  with  points  on  the 
Atlantic  coast  at  the  45th  parallel,  a  difference  of  position  of 
T^''  of  latitude.  Comparing  this  point  with  Norfolk,  in  the 
same  latitude,  a  difference  of  IS""  8'  in  the  mean  annual  tempe- 
rature appears,  or  a  degree  for  445  feet  of  altitude  nearly. 
At  El  Paso,  a  short  distance  southward,  at  Fort  Laramie,  not 
far  northward  of  this  position,  and  at  Great  Salt  Lake,  west- 
ward— each  not  far  from  4000  feet  above  the  sea — the  reduc- 
tion is  not  so  much  as  a  degree  on  the  annual  mean  for  4000 
feet  of  elevation.  Under  circumstances  of  so  much  diversity, 
it  is  easy  to  see  that  no  rule  can  be  employed  until  the  entire 
surface  has  been  observed  or  represented,  and  that  the  fullest 
comparison  of  actual  observations,  with  the  most  careful  gene- 
ralization upon  them,  is  necessary  first  to  settle  the  facts  of 
actual  distribution,  before  any  scale  of  reductions  can  be  con- 
structed. 

The  mountain  ranges  near  the  Pacific  coast  are  every«rhere 
sharp  and  high,  yet  their  influence  on  the  thermal  condition 
is  deemed  less  from  their  altitude  simply,  than  from  their  ob- 
struction of  the  atmospheric  circulation.  The  coast  itself  is 
so  peculiar  as  to  present  a  greater  source  of  diversity  than 
that  of  altitude,  and,  consequently,  even  the  high  plains  shut 
away  from  the  sea  have  a  higher  temperature  for  this  reason. 
The  interior  valleys  of  Oregon  are  warmer  than  the  coast, 
though  generally  of  considerable  elevation.  California  has  no 
high  interior  valleys,  but  the  valleys  it  has  exhibit  excessive 
measures  of  heat  when  shut  from  the  coast  by  mountain  ranges. 
At  great  altitudes,  this  anomalous  diversity  becomes  much  mo- 
dified, and  it  is  doubtless  ultimately  sunk  in  the  simple  rela- 
tions of  vertical  distribution  alone ;  but,  for  the  surface  which 
we  have  to  illustrate,  and  with  which  we  have  practically  to 
deal,  altitude  has  little  of  the  significance  in  reducing  tem- 
perature on  the  west  slope  of  the  United  States  which  it  has 
in  the  west  of  Europe. 

It  is  obvious  that  the  whole  theory  of  vertical  distribution 
of  heat  requires  reconstruction,  as  applied  to  the  surface  of 
continental  areas.  There  is  no  rule  of  uniform  value  or  uniform 
adaptation,  and  the  corrections  required  for  surface  observa- 
tions, to  remove  whatever  effect  may  belong  to  altitude,  must 
be  derived  from  a  very  thorough  and  complete  collection  of 
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these  obseryations  themselves.  It  is  probable  that  then  the 
corrections  will  be  absolute,  and  not  proportional  to  the  alti- 
tude ;  or  that  one  plateau  may  require  10°  of  correction  for  alti- 
tude simply,  and  another  5^  and  another  no  correction  at  all, 
though  all  may  be  four  or  five  thousand  feet  high,  and  nearly 
alike  in  this  respect.  The  Coteaus  near  the  Upper  Missis- 
sippi, at  2000  feet  above  the  sea,  reduce  the  temperature  be- 
tween 5°  and  10°  from  elevation  simply ;  the  plain  at  Fort 
Kearny  reduces  it  slightly  at  3000  feet ;  that  at  Fort  Laramie 
not  at  all  for  4500  feet ;  the  San  Luis  valley  of  New  Mexico 
reduces  it  10°  or  15°  for  8000  feet,  &e.  Such  are  instances  of 
the  diversity  actually  existing,  where  diversity  could  not  have 
been  anticipated.  New  and  most  interesting  problems  are 
presented  by  these  facts  of  vertical  distribution  of  heat,  and 
the  discussion  of  them  must  be  reserved  for  the  accumulation 
of  observations  from  at  least  all  representative  positions. 

The  continental  laws  of  distribution  of  heat  at  the  surface 
are  opened  anew  on  this  basis  of  American  statistics,  and  the 
greatest  diflScuIty  is  experienced  in  following  it  in  the  com- 
prehensive manner  which  is  enforced  by  the  conditions  of  the 
subject.  Anomalies  are  presented  which  may  have  their  solu- 
tion in  facts  disclosed  in  another  hemisphere,  and  for  the  dis- 
cussion of  which  the  widest  references  must  ultimately  be 
made.  Some  of  the  apparent  results  may,  however,  be  indi- 
cated with  sufficient  definiteness  for  the  present  purpose. 

The  most  prominent  point  is  the  general  identity  of  the 
distribution  for  the  same  latitudes  of  the  two  continents  of  the 
northern  hemisphere,  and  the  fact  that  the  masses  of  these 
continents  originate  all  the  curvatures  and  peculiarities  of 
position  in  the  isothermal  lines.  In  a  word,  if  the  continents 
were  removed,  all  points  having  the  same  latitude  would  ex- 
hibit like  conditions ;  and  although  this  appears  a  plain  pro- 
position, needing  no  new  assertion,  yet,  as  here  applied,  it  is 
intended  to  signify  that  the  land  masses  cause  uniform  and 
symmetrical  departure  from  the  normal  uniformity.  It  has 
been  supposed  that  America  was,  to  some  extent,  anomalous, 
and  that  it  required  or  possessed  a  compensation  in  Europe ; 
but  these  results  give  us  a  higher  measure  of  heat  in  the  south, 
in  the  interior,  and  on  the  north-west  coasts  of  this  continent, 
than  has  before  been  assigned  to  these  districts.     These  addi- 
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tions  bring  it  nearly  up  to  the  standard  for  the  eastern  con- 
tinent, and  for  the  difference  that  remains  the  vertical  and 
outline  configuration  fully  accounts. 

The  next  great  fact  is  the  dependence, — subordination,  it 
maybe  termed,-— of  this  distribution  on  atmospheric  and  oceanic 
circulation,  and  an  outline  configuration  in  relation  to  these. 
When  we  find  the  east  and  west  coasts  of  the  same  continent, 
at  the  50th  parallel,  differing  as  largely  as  England  and  Man- 
chouria  and  Pekin  first,  and  as  Vancouver's  Island  and  Lab- 
rador next,  it  is  impossible  not  to  admit  the  superiority  of  the 
only  agents  which  can  cause  such  results — ^the  circulation  of 
the  atmosphere  and  of  the  sea's  waters.  The  continental  in- 
fluences exerted  in  the  accumulation  of  heat  and  in  refrigera- 
tion, if  exerted  without  modification,  would  of  course  be  as 
decided  near  the  western  border  of  the  continent  as  near  the 
eastern ; — ^why,  then,  are  they  excessive  at  the  east  in  both 
^.ases,  and  very  slight  at  the  west,  if  the  agents  alluded  to  are 
not  controlling  for  these  latitudes  ? 

The  currents  of  the  sea  exhibit  influences  in  the  Pacific 
somewhat  different  from  those  known  in  the  Atlantic  ;  in  the 
last  the  warm  currents  afford  the  most  signal  modifications, 
and  in  the  first  the  cold  currents  stand  out  most  conspicuously, 
as  on  the  coasts  of  Peru  and  of  California.  In  California,  the 
facts  shown  by  records  at  exposed  positions  on  the  coast  are 
scarcely  credible,  without  the  support  afforded  by  observations 
of  air  and  water  temperatures  at  sea ;  and  it  is  obviously  in- 
dispensable to  connect  the  two  in  any  intelligible  notice  of  the 
thermal  condition  of  the  land  areas.  Had  sea  temperature 
been  measured  on  the  British  coast,  and  traced  through  the 
belt  of  warm  water  which  so  greatly  controls  the  climate  of 
all  the  west  of  Europe,  it  would  have  been  seen  earlier  that 
the  west  of  Europe  was  largely  exceptional  in  its  measure  of 
heat  for  the  latitudes  above  40°  and  45°.  The  currents  of  the 
Pacific  are  still  quite  obscure,  and  the  origin  of  this  refriger- 
ated mass,  which  has  so  great  an  influence  in  California,  can 
scarcely  be  settled. 

Behring's  Straits  are  too  shallow  to  send  it  forth,  and  the 
Peninsula  of  Alaska,  and  the  Aleutian  Islands,  constitute  a 
barrier  which  must  be  turned  by  a  current  originating  in  the 
great  northern  areas  of  the  Pacific,  where  the  Japan  stream 
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mainly  wastes  itself.  Still  there  seems  no  source  so  likely  to 
send  this  mass  forth  as  the  great  sea  east  of  Kamtschatka, 
from  which  the  answering  current  of  the  Japan  stream  must 
come,  if  one  is  returned  at  all.  All  the  volumes  of  warm  water 
flowing  to  higher  latitudes  elsewhere  have  equivalents  in  cold 
returning  masses,  and  this  appears  to  be  a  case  where  such  a 
mass  is  overlaid  by  warm  waters  through  nearly  its  whole 
course,  and  appears  at  the  surface  only  when  lifted  by  the 
shelving  coasts  of  California. 

The  two  exterior  causes,  the  winds  and  the  sea  currents, 
accord  in  their  action  in  the  higher  latitudes  of  this  continent 
on  the  west,  but  conflict  below  the  45th  parallel  in  the  warmer 
months,  producing  the  greatest  changes  of  thermal  distribu- 
tion through  the  successive  months  which  are  experienced 
anywhere.  These  contrasts  give  the  isothermal  lines  positions 
which  may  seem  fanciful,  and  which  are  diflScult  sometimes  to 
define.  They  cannot  be  placed  hypothetically ;  and  if  the 
number  of  observations  is  insuflicient  for  a  positive  definition, 
they  must  be  regarded  as  approximations  only.  They  are  now 
so  in  the  interior  of  Oregon,  and  for  portions  of  the  coast  to- 
ward Sitka,  for  portions  of  the  Saskatchewan  region,  of  the 
Upper  Missouri  plains,  and  for  the  Great  Basin  southward  of 
Salt  Lake.  In  the  warm  months  the  isothermals  are  com- 
pressed into  a  singularly  narrow  space,  from  Monterey,  on  the 
coast,  to  Fort  Millar  of  the  interior,  and  to  all  parts  of  the 
desert  basin  east  of  the  Sierra  Nevada.  The  higher  portions 
of  this  basin  region,  on  both  sides  of  the  Colorado  river,  but 
particularly  on  the  east  side,  at  Fort  Defiance,  are  very  much 
refrigerated  in  winter  also. 

In  the  charts  prepared  by  the  writer  for  his  report  on  the 
United  States  military  post  observations,  great  care  was  taken 
to  place  the  isothermals  according  to  the  best  analogies  afforded 
by  a  knowledge  of  the  topography  and  surface  conditions,  in 
districts  where  observations  were  wanting,  as  in  those  above 
indicated.  This  topography  is  itself  a  new  result,  derived 
mainly  from  the  recent  surveys  ordered  by  the  United  States 
for  military  purposes,  and  for  a  Pacific  railroad.  The  verti- 
cal topography  has  been  made  as  prominent  upon  the  charts 
of  illustration  as  could  readily  be  done,  because  of  its  insepa- 
rable association  with  the  thermal  condition  everywhere.     The 
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representation  is  still  wanting  in  completeness  in  that  respect, 
however,  and  vertical  sections  can  alone  answer  the  whole 
requirement. 

Another  point  of  interest  in  American  distribution  of  heat, 
is  the  frequent  institution  of  thermal  areas  of  too  high  a  tem- 
perature to  connect  even  with  tropical  districts.  The  whole 
area,  from  the  35th  parallel  to  the  coast  of  the  Oulf  of  Mexico, 
is  such  for  the  summer  months,  being  from  5°  to  lO''  above 
the  mean  temperature  of  the  seas,  and  the  Central  American 
land  areas  to  the  southward,  at  that  season.  This  excess  cul- 
minates in  the  Rio  Grande  valley,  where  the  mean  of  85""  for 
the  three  months  of  summer  is  attained.  A  mean  of  82^  to  83° 
embraces  a  large  area,  stretching  across  to  Charleston,  and  all 
the  excess  above  80°  belonging  to  this  is,  at  least,  so  much 
above  the  measure  for  the  tropical  districts  in  these  months. 

Northward,  on  the  plains,  an  area,  having  a  mean  of  75° 
for  these  months,  is  stretched  over  a  large  tract,  from  the 
plains  near  the  Arkansas,  at  2500  feet  above  the  sea,  to  the 
Missouri  River  valley,  at  1800  to  2000  feet,  and  extending  up 
this  last  valley  above  the  45th  parallel.     The  uniformity  here 
is  in  part  due  to  altitude;  the  plain  declining  northward,  and 
the  surface  favouring  accumulation  of  heat  in  the  warm  months, 
in  a  somewhat  increasing  degree,  as  we  advance  in  that  direc- 
tion.   A  line  is  hardly  adequate  to  the  representation  required 
here ;  an  area  tinted  appropriately,  and  expanding  from  a  line, 
to  be  again  contracted  to  that  form,  would  best  illustrate  the 
acttial  elimatological  eonditionj  which  alone  can  be  given  now. 
In  the  desert  valley  of  the  Colorado  of  California,  the  dis- 
trict of  greatest  excess  appears,  and  for  the  summer  months 
this  excess  is  far  beyond  the  measure  of  heat  on  the  west  coast 
of  Mexico,  southward.    The  conditions  observed  at  the  Per- 
sian Gulf,  and  at  the  head  of  the  Red  Sea,  are  here  repro- 
duced, and  the  parallelism  of  the  continents  is  fully  shown  in 
this  as  in  other  cases.    How  far  this  excess  extends  toward 
Great  Salt  Lake,  it  is  impossible  now  to  say,  though,  in  a 
rigidly  accurate  illustration,  a  considerable  area  would  appear 
to  be  surrounded  by  concentric  isothermals,  or  by  lines  open- 
ing southward  in  a  narrow  neck  along  the  Gulf  of  California. 
In  the  San  Joaquin  and  Sacramento  valleys  of  California, 
the  same  concentric  curve  is  again  required  for  exhibiting  the 
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actual  distribution  of  the  climates.  Both  the  coast  and  the 
plateaux  of  the  Sierra  Nevada  differ  extremely  from  the  valley ; 
and  the  segregation  is  nearly  as  abrupt  at  the  south  and  at  the 
north.  Cultivable  plateaux  lie  at  the  south  at  a  great  eleva- 
tion ;  and  as  these  decline  toward  San  Diego  and  the  coast, 
they  are,  on  the  whole,  cool  and  equable,  in  contrast  with  the 
intense  heats  of  the  deep  interior  valley  of  San  Joaquin.  The 
modifying  influences  which  exist  everywhere,  in  greater  or 
less  degree,  in  configuration  and  altitude,  appear  to  put  on 
extreme  phases  in  all  these  districts,  and  t.o  produce  anoma- 
lous and  opposite  results. 

There  are  localities  of  a  similar  isolation,  only  in  much  less 
degree,  in  the  valley  of  Lake  Ontario,  and  in  other  portions  of 
the  north-eastern  area  of  the  United  States,  but  they  are  of 
small  extent.  Generally,  the  high  summer  temperature,  pecu- 
liar to  the  American  climate,  develops  there  readily  at  all 
points  in  the  whole  area  under  consideration ;  and  in  this  re- 
spect it  differs  from  Europe,  though  probably  it  departs  less,  or 
not  at  all,  from  Asia.  It  has  Asiatic  features  in  surface,  cha- 
racter, configuration,  and  general  climate,  and  decidedly  so 
in  this  feature  of  thermal  distribution. 

The  simple  continental  influences  on  this  distribution  of  heat 
are  worthy  of  a  more  extended  notice  than  can  be  given  them 
in  this  place.  As  said  before,  they  are  thrown  near  the 
eastern  border  of  the  continent,  Labrador  and  the  vicinity  of 
Hudson's  Bay  exhibiting  the  highest  degree  of  refrigeration 
known  to  those  latitudes  anywhere.  But  the  lower  latitudes, 
falling  more  particularly  within  the  field  of  the  present  discus- 
sion, show  an  interruption  of  this  line  of  maximum  effect  at 
the  great  lakes,  softening  the  rigour  of  the  winter  cold,  and 
thinning  the  line  of  minimum  temperature  at  the  west  of  Lake 
Superior,  on  the  isothermals  for  the  year.  Notwithstanding 
the  high  summer  temperature  there,  the  excessive  cold  of 
winter  throws  the  annual  average  below  that  for  the  cooler 
summer  at  various  points  of  the  same  latitude  eastward,  and 
the  greatest  effect  of  continental  refrigeration,  as  a  single 
agency,  is  thrown  out  of  the  line  it  has  at  Hudson's  Bay,  and 
placed  many  degrees  of  longitude  westward.  The  differences 
are  small,  however,  and  may  be  defined,  in  general  terms,  as 
the  spreading  of  this  line  into  a  wide  area,  embracing  the 
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whole  lake  district,  and  affording  several  areas,  signally 
marked  by  continental  refrigeration. 

Southward  of  the  lakes,  the  maximum  continental  effect  is 
again  thrown  eastward,  and  the  line  passes  through  Georgia 
and  Florida  for  the  months  of  winter,  in  which  season  alone 
it  goes  so  far  south  in  any  relation  to  the  atmospheric  circu- 
lation. There  is,  indeed,  but  little  difference  between  the 
plains  of  Opelonsas,  in  Western  Louisiana,  and  the  central 
districts  of  Florida,  at  the  same  latitude,  in  regard  to  the 
measure  of  winter  depression,  and  the  high  plains  of  Texas 
institute  an  extreme  measure  of  continental  refrigeration  in 
winter,  which  is  expended  before  reaching  as  far  east  as  New 
Orleans,  and  which  is  felt  most  decidedly  near  the  Sabine 
River  of  Louisiana. 

This  last  general  feature  of  thermal  distribution  applies  to 
the  extremes,  or  dynamics,  of  this  condition,  as  they  may  be 
called,  as  decidedly  as  to  the  averages,  or  constants.  The 
sweep  of  changes,  and  the  range  of  non-periodic  variations  of 
every  degree,  is  greatest  along  this  line  of  maximum  conti- 
nental refrigeration.  The  means  for  successive  years  show  this 
strikingly,  and  the  range  of  annual  mean  temperature,  which 
reaches  12^  on  the  high  plains  of  Wisconsin  and  Minnesota, 
is  highest  on  a  line  south-eastward  from  those  points  to 
Augusta,  Georgia,  Norfolk,  and  Charleston,  At  Norfolk  and 
Augusta  it  has  reached  10°;  the  coldest  year  being  5"  below 
the  average,  and  the  warmest  5^  above  that  average, — a  range 
really  of  the  most  extraordinary  character,  compared  with  the 
range  in  the  annual  mean  in  Europe,  and  on  the  Pacific  coasts 
generally.  In  the  New  England  States  it  is  much  less,  and 
much  less  for  a  large  area  southward,  including  Philadelphia. 

Each  of  the  general  features  of  thermal  distribution,  briefly 
touched  upon  in  this  paper,  has  relations  to  subordinate  fea- 
tures of  unusual  interest,  of  which  those  relating  to  range  and 
non-periodic  variation  are  the  most  important.  The  constants 
of  daily  and  monthly  curvature  are  scarcely  less  interesting, 
and  perhaps  of  greater  value  ;  and  all  the  divisions  in  regard 
to  annual  averages,  or  to  those  for  the  seasons,  imply  and  em- 
brace new  divisions  of  each  of  these  classes.  Thus,  on  the 
California  coast,  the  horary  or  daily  curve  almost  disappears 
for  the  summer  months,  and  the  curve  among  the  months  quite 
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disappears  from  May  to  October.  In  the  interior  valleys^  be- 
fore referred  to  as  having  excessive  temperatures,  both  these 
curves  are  extremely  sharp,  passing  through  a  great  range. 

It  is  obvious  that  the  problems  of  thermal  distribution  re- 
quire a  more  extended  basis  of  facts  than  has  heretofore  been 
supposed  necessary  to  their  discussion,  and  tfie  temperate  la- 
titudes of  the  northern  hemisphere  must  at  least  be  embraced 
in  any  discussion  aflfecting  large  areas  of  either  continent.  It 
is,  in  truth,  necessary  to  go  still  further,  and  to  embrace  the 
same  latitudes  of  the  opposite  hemisphere. 

The  necessity  of  attention  to  oceanic  circulation  is  enforced 
by  American  experience ;  for  these  currents,  with  the  atmo- 
spheric circulation  in  the  temperate  latitudes,  produce  the  most 
striking  phenomena  both  here  and  in  Europe. 

The  annexed  Map  exhibits  the  Course  of  the  Isotherms  for  the 
Year ;  the  following  Table  contains  the  results  of  some  of  the 
most  interesting  Stations: — 

Mean  Temperature  of  Stations  on  the  Atlantic  Coast, 
Longitude  67°  to  80°  W. 


Nmum  ofStationf. 

Altitude  in     Lat.  N. 

Mean  Sammer 

Mean  Winter. 

Meanc 

Feet. 

•     r 

Temp. 

o      * 

Year. 

Hancoek  BtrrackB, 

620 

46-07 

63-33 

16-41 

40-51 

Fort  Preble, 

20 

43-39 

65-24 

24-70 

45*22 

West  Point,  N.  York,  . 

167 

41-23 

71-33 

29-69 

60-73 

Fort  Washington, 

60 

38-43 

77-77 

87-36 

57-87 

Fort  Monroe, 

8 

870 

76.57 

40-46 

58-89 

Fort  Johnstone,    . 

20 

340 

80-19 

50-60 

anm 

Fort  Shannon, 

25 

29-34 

80-56 

57-18 

69-64 

Fort  Myers, 

GO 

26-38 

82-41 

65-36 

75-04 

Roehf  Mo[ 

wntains  and  Plains 

of  their  Eastern  Slope^ 

Longitude  db""  to  110°  W. 

4519 

42*12 

71.94 

31-14 

50-06 

Gnat  Salt  Lake, 

4.S51 

40-46 

75.92 

32-08 

63-24 

Fort  Kearny, 

28eo 

40-38 

71-47 

23-04 

47-67 

Fort  DeAanoe, 

7200? 

35-44 

67-61 

28-74 

46-92 

Santa  Fe,    . 

6S46 

35-41 

70-46 

31-64 

50-59 

Fort  Ghtkham, 

900? 

31-56 

82-48 

48-75 

65-76 

Fort  Chadbonme, 

2120 

31-58 

76-77 

4*87 

62-38 

Fort  M.  Soott,     . 

1300 

30-10 

7694 

47-24 

62-46 

Fort  Brown, 

50 

25-54 

83^58 

62H)9 

73-76 

Paci, 

ilc  Coast, 

Longitude 

120"  eo  125* 

W. 

Fort  Yanconyer, 

50 

45-40 

65-65 

39-54 

52-66 

Fort  Reading,      . 

674 

40-30 

80-0 

46.13 

6209 

San  Franoisco,     . 

150 

37-48 

57-33 

50^6 

54-88 

Monterey,    . 

140 

36-36 

58-64 

51-22 

55-29 
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Descriptions  of  new  Coleopterafrom  ike  Western  Andes  and 

the   neighbourhood  of   QfUto.      By  Andrew  Murray. 

(Plate  III.) 

Part  I. 

Most  of  our  readers  must  be  familiar  with  the  name  and 
reputation  of  Professor  Jameson  of  Quito,  from  the  notices 
which  have  appeared,  in  this  and  other  journals,  of  the  collec- 
tions he  has  sent  home,  and  of  the  new  or  rare  species  of 
plants  and  animals  which  he  has  discovered.  The  Professor 
seems  to  be  one  of  those  rarely-gifted  individuals  whose  genius 
embraces  every  branch  of  science.  It  enables  him,  while  ably 
discharging  his  duties  as  professor  of  chemistry  in  Quito, 
and  officially  superintending  the  Mint  of  the  State,  also  to 
explore  the  unknown  regions  of  the  country  he  lives  in,  and 
to  contribute  stores  of  information,  and  valuable  collections 
in  every  department  of  Natural  History,  to  the  scientific  world 
in  Europe.  In  illustration  of  this,  it  will  be  enough  to  refer 
to  the  extensive  botanical  collections  transmitted  by  him  to 
Professor  Balfour  and  the  University  of  Edinburgh,  and  to 
the  orchids  supplied  to  Professor  Lindley  of  London ;  to  the 
numerous  new  and  beautiful  plants  which  have  been  raised 
by  the  well-known  successful  cultivator  and  hybridizer,  Mr 
Isaac  Anderson  of  Edinburgh,  from  seeds  sent  to  him  by  Pro- 
fessor Jameson ;  to  the  mud-gatherings  for  diatomacee  which 
have  been  communicated  to  Dr  Greville ;  and  to  the  new  or 
interesting  birds  sent  to  Sir  William  Jardine  and  Mr  Gould. 
I  also  have  been  fortunate  enough  to  participate  in  the  trea- 
sures which  Professor  Jameson  periodically  lavishes  upon  his 
friends  and  correspondents  in  this  country,  and  have  at  various 
times  received  collections  of  insects  made  by  him  during  his 
excursions  among  the  upper  Andes.  The  principal  portion  of 
the  insects  which  have  come  into  my  hands  have  been  Coleop- 
tera ;  and  among  them,  besides  many  already  known,  which 
are  noteworthy,  from  their  geographical  distribution  and 
affinities,  there  are  also  several  new  and  interesting  species, 
which  I  purpose  to  describe  in  the  following  pages. 

The  most  striking  of  these  are  not  from  the  country  imme- 
diately around  Quito,  (which  Professor  Jameson  informs  me  is 
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not  rich  in  insects),  but  from  the  warm  and  wooded  valleys  of 
the  Andes,  where  nature  smiles  and  puts  on  her  gayest  attire. 
As  might  be  expected  from  its  position  (occupying  as  it  does 
nearly  a  middle  place  between  the  countries  on  the  east  and 
west  of  the  Andes),  the  district  in  question  furnishes  not  only 
species  peculiar  to  itself,  but  also  others  properly  belonging 
to  the  countries  lying  on  each  side  of  it.  A  considerable  pro- 
portion of  those  which  I  have  received  are  species  already 
familiar  to  entomologists,  as  inhabiting  the  large  tract  of 
country  formerly  known  under  the  name  of  Columbia,  now 
broken  up  into  several  smaller  states.  Among  the  most  striking 
of  these  I  may  mention  ; — Pseudoaycheila  hipustulata^  Ster- 
culiafulgenSy  Philonthusflavipennis^  and  dives^  the  rare  La- 
tona  spinolcBf  and  Conotelus  vicimiSt  Oxystemon  conspicil- 
latum^  Hoplites  Pan^  the  magnificent  Chrysophora  chryso^ 
chloray  Lasiocala  fulvohirta^  &c.,  &c.  Of  the  species  already 
known  as  inhabiting  the  Peruvian  side  of  the  mountains,  the 
numbers  have  been  fewer,  the  most  striking  being  the  cu- 
rious Oolofa  EacuSj  Cybister  laevigatus^  Searites  auricu- 
latiAS,  &c.  Besides  these,  there  are  a  considerable  number 
of  species,  differing  from  any  known  to  inhabit  the  adjacent 
countries.  Some  of  these,  such  as  Aneognatha  SearabceoideSf 
Erichs.,  Heterogomphus  Bourcieri^  Guer.,  &c.,  have  been  al- 
ready described,  but  the  most  of  them  still  remain  unknown. 
I  shall  endeavour  to  reduce  the  number  of  these,  by  ptiblish- 
ing  from  time  to  time  descriptions  of  some  of  the  species  which 
I  have  already  received,  or  may  in  future  receive  from  Pro- 
fessor Jameson.  This  mode  of  recording  them  will  necessarily 
render  it  impossible  to  follow  out  any  determinate  arrange* 
ment.  I  shall,  therefore,  not  attempt  any,  but  shall  merely 
take  them  as  they  come  to  my  hands. 

Sphenoqnathus,  Buq. 

This  genus,  which  was  originally  erected  by  Buquet  (after 
Dejean),  Eev,  Zooh  1838,  possesses  much  interest,  as  being 
one  of  the  links  which  connect  the  New  Holland  LamprinuB 
with  the  South  American  Chiasognathi  and  Pholidoti. 

The  only  species  which  have  yet  been  described  are  Sphenog^ 
naikus  Prionoides,  Buq. ;  Sph*  albofuscusy  Blanch ;  and  Sph, 
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Feiethameliif  Quer.  The  former,  which  was  first  described, 
comes  from  Columbia,  and  approaches  most  nearly  to  the  new 
species  which  I  am  going  to  describe. 

This  is  already  known  in  collections  under  the  MS.  name 
of  Sph,  Lindenii;  that  name  having  been  bestowed  upon  it  by 
the  Parisian  entomologists,  to  some  of  whom  I  supplied  it  when 
I  first  received  it  from  Professor  Jameson.  This  name  I  have 
retained. 

1.  Sph  LindenU,  Murr.  (PI.  III.;  male,  fig.  1 ; female,  fig. 2.) 

Mas. — Statura  Sph.  Prionoides  sed  postice  parum  latior  et 
mandibulis  longioribus.  Castaneus,  supra  seneo-virescens,  man- 
dibulis  elongatis,  porrectis,  deflezis  et  apice  recurvatis,  plus- 
quam  duplo  longioribus  capite ;  oculis  cantho  divisis ;  thorace 
et  capite  longa  pubescentia  fulva  vestitis,  tibiis  mediis  et  pos- 
terioribus  fere  simplicibus.    Long.  15  lin.,  lat.  7  lin. 

Male  of  the  form  of  Sph.  Prionoidesy  but  broader  behind, 
and  with  the  mandibles  longer.     Beddish  chesnut  brown; 
thorax  and  head  darker  than  elytra ;  in  certain  lights  the 
upper  surface  (except  the  mandibles)  has  a  faint  greenish 
brassy  reflection,  which    is  most  marked   on   the  elytra; 
head  and  thorax,  and  under  side,  clothed  with  a  long  ful- 
vous pubescence,  which  disappears  on  the  disk  of  the  thorax. 
Mandibles  porrected,  rather  more  than  twice  the  length  of 
the  head,  bent  downwards  about  one-third  of  their  length 
from  the  base,  and  slightly  reflexed  and  incurved  at  the  apex 
(which  terminates  in  a  curved  tooth),  with  a  ridge  running 
along  their  upper  side,  interrupted  or  bent  about  one-third 
from  the  base ;  coarsely  punctate  or  granulated  on  the  upper 
side  ;   smooth  and  more  finely  punctate,  and  with  much 
more  pubescence  on  the  under  side,  particularly  towards  the 
base.    A  row  of  small  teeth  on  the  inner  side  of  each  mandible. 
Palpi  dark  brown;  maxillary  palpi  longish.  Antennss  10-jointed 
— ^first  joint  long ;  second,  third,  and  fourth,  short  and  round 
(third  longest  of  the  three);  six  last  lamellar,  gradually  increas* 
ing  to  the  ninth,  which  has  the  longest  lamella.    They  do  not 
difier  from  the  antennsd  of  SpJu  Prionoides,  unless  in  that  they 
are  comparatively  thicker,  and  the  lamella  of  the  ninth  joint  is 
perhaps  more  certainly  longer  than  the  tenth,  while  in  JVto- 
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noides  they  are  so  nearly  alike  as  to  make  it  difficult  to  say 
that  the  ninth  is  longest.  Eyes  divided  by  a  canthus,  into  a 
superior  and  inferior  eye ;  a  ridge  surrounding  the  upper  half 
of  the  eye  like  a  circular  eyebrow.  Thorax  coarsely  punc- 
tate, except  on  disk,  where  it  is  more  sparingly  punctate,  and 
has  one  or  two  prominences,  shining  and  almost  free  from 
punctures.  A  large  longitudinal  depression  occurs  on  each 
side  in  front  behind  the  eyes,  and  an  oblong  transverse  space 
is  partitioned  off,  as  it  were,  at  each  of  the  posterior  angles,  by 
two  depressions  which  join  each  other  nearly  at  right  angles. 
There  is  a  faint  indication  of  a  longitudinal  dorsal  line.  In 
front  the  thorax  is  of  the  breadth  of  the  head,  and  gradually 
becomes  wider  till  about  one-third  of  its  length  from  the  base^ 
when  it  turns  and  slopes  off  more  abruptly  in  a  sinuated  line 
towards  the  base,  which  is  slightly  emarginate.  The  pubes- 
cence, combined  with  the  slight  cutting  in  on  each  side  of  the 
hody,  gives  the  appearance  of  a  tooth  projecting  there  a  little 
backwards.  The  space  between  the  thorax  and  elytra,  which 
in  all  the  species  of  this  genus  is  rather  broad,  is  covered  with 
a  pubescence  similar  to  that  on  the  thorax,  as  is  the  scutelium, 
which  is  large,  and  nearly  semicircular.  Elytra  polished  and 
shining,  and  free  from  pubescence,  covered  with  very  minute 
punctures,  not  perceptible  to  the  naked  eye,  which  in  many 
places  run  into  each  other,  and  give  a  sort  of  granular  or  cha- 
greened  appearance  under  the  lens.  Besides  these,  there  are 
larger  punctures  or  depressions  irregularly  scattered  over  the 
elytra,  in  places  showing  a  slight  tendency  to  run  in  rows. 
There  are  also  a  few  shallow  longitudinal  depressions,  which 
may  be  viewed  as  evanescent  striae.  They  are  slightly  de- 
pressed around  the  scutellum.  The  shoulders,  and  an  eleva- 
tion or  haunch  near  the  outer  margin,  towards  the  apex,  are 
prominent.  The  elytra  are  expanded  a  little  for  the  posterior 
half,  and  each  is  rounded  in  a  little  towards  the  suture ;  a  dis- 
tinct marginal  line  or  thread,  reflexed  towards  the  base,  goes 
round  the  elytra.  Legs  light,  reddish  chestnut-brown  ;  tarsi 
long,  and  dark  brown ;  anterior  tibiae  long,  flattened,  incurved, 
obtusely  denticulated  on  the  outer  margin ;  middle  tibi»  with 
two  or  three  very  small  teeth ;  posterior  tibi»  with  scarcely 
perceptible  indications  of  denticulation. 

t2 
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The  differences  between  the  male  of  this  species  and  that  of 
S.  Prionoides,  are  the  following,  viz. : — The  mandibles  in  the 
former  are  nearly  twice  as  long  as  in  the  latter,  and  are  closer 
set  together ;  the  bend  or  interruption  in  the  ridge  on  their 
upper  side  takes  place  at  one^third  from  their  base,  while  in 
Prionoides  it  is  at  one-third  from  their  apex ;  and  in  the  latter 
the  ridge  runs  nearly  straight  to  the  head  for  the  posterior 
halfy  while  in  the  former  it  is  curved  for  the  short  distance  it 
has  to  go  after  the  bend.  The  maxillary  palpi  here  are  com- 
paratiyely  longer.  The  thorax  is  somewhat  differently  shaped ; 
it  tapers  towards  the  front  more  rapidly  in  this  species.  The 
punctuation  is  closer  and  deeper  in  Prionoides  ;  the  pubescence 
in  it  is  cinereous  ;  in  this  it  is  russet,  or  fulvous  yellow ;  it  is 
also  in  greater  abundance  here.  The  seneous  lustre  on  this 
species  is  very  distinct,  while  in  Prionoides  it  is  either  want- 
ing or  scarcely  perceptible.  The  elytra  in  this  expand  dis- 
tinctly behind ;  in  Prionoides  the  sides  are  more  parallel  to 
each  other ;  in  the  latter  the  anterior  tibisd  are  narrower,  and 
the  teeth  on  the  outer  margin  sharper  and  more  developed ;  on 
the  middle  and  posterior  tibiae  the  small  teeth  are  distinct ; 
whilst  in  this  species  they  are  either  awanting  or  scarcely  per- 
ceptible, 

Femino^ — Castanea,  thorace  transverse  parce  pubescente, 
angulis  posticis  virescentibus,  corpore  subtus  cinereo-fulva 
pubescentia  vestito.  Mandibulis  curtis,  obtuse  rotundatis, 
longitudine  capitis ;  tibiis  posterioribus,  fere  simplicibus.  Long. 
18  lin.,  lat.  8  lin. 

Female. — ^Larger  and  broader  than  Sph.  Prionoides^  and 
with  differently  formed  mandibles;  dark  chestnut ;  the  posterior 
angles  of  the  thorax  virescent,  the  rest  of  the  body  without 
any  brassy  or  green  lustre ;  under  side  covered  with  a  dull 
fulvous  pubescence,  which  occurs  also  sparingly  on  the  thorax. 
Head  coarsely  granular,  with  a  transverse  ridge  having  a 
granular  elevation  on  each  side  in  front,  a  somewhat  trian- 
gular granular  elevation  extending  backwards  behind  this. 
Mandibles  short,  like  those  of  the  female  of  ChiasognaUius 
Orantiii  and  obtusely  rounded,  not  longer  than  the  head ;  inner 
side  straight*  denticulated,  fitting  to  opposite  mandible ;  outer 
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margin  raised,  so  that  'when  the  mandibles  are  clo$ed  they  have 
the  form  of  a  shallow  cup  ;  their  upper  side  is  coarsely  granular, 
lower  side  rounded,  punctate,  and  pubescent ;  an  oblique  sharp 
ridge  extends  along  the  posterior  half  of  the  upper  side.  Eyes 
as  in  the  male.  The  antennee  and  palpi  are  comparatively 
shorter  and  thicker  than  in  the  male.  Thorax  transverse, 
and  of  a  similar  form,  but  not  sloping  so  rapidly  back  to  the 
projecting  posterior  angle,  making  the  whole  thorax  broader 
and  larger.  A  large  depression  on  each  side  in  front,  between 
the  eyes,  and  large  depressions  in  each  of  the  posterior  angles, 
.leaving  a  smooth  elevated  figure,  of  the  shape  of  a  widely  ex- 
panded y,  on  the  disk,  which  shows  indications  of  a  dorsal 
longitudinal  line  ;  deeply  and  densely  punctured  on  the  sides ; 
more  sparsely,  but  still  deeply  on  the  disc,  which  is  polished. 
Elytra  long  and  broad,  somewhat  expanded  behind,  wholly 
covered  with  minute  punctures,  scarcely  visible  to  the  naked 
eye,,  but  coarser  than  in  the  male ;  also  covered  with  larger 
corrugations,  mostly  Tunning  transversely,  and  some  of  which 
exhibit  a  tendency  to  longitudinal  striation.  The  tibuB  are  a 
good  deal  shorter  than  in  the  other  species.  The  anterior  tibiae 
are  broader,  and  the  two  last  teeth  are  larger  and  more  pro- 
minent. The  middle  tibiae  are  denticulated,  one  tooth  at  least 
being  sharp  and  prominent.  The  posterior  tibise  are  almost 
simple,  the  denticulations  doing  little  more  than  roughening 
their  edge. 

The  above  two  insects  are  the  only  species  of  this  genus 
which  I  have  received,  and  as  the  one  form  is  that  of  a  male 
and  the  other  that  of  a  female,  I  assume  them  to  be  male  and 
fejnale  of  the  same  species.  Perhaps  this  is  jumping  a  little 
too  rapidly  to  a  conclusion  ;  but  they  do  not  differ  more  from 
each  other  than  the  sexes  of  the  other  species  do ;  and  the  fact 
that  I  have  received  considerable  numbers  of  each,  and  never 
•any  other  male  or  any  other  female  form,  induces  me  to  think 
that  I  am  right  in  classing  them  together. 

PHANiEus,  M'Leay. 
Ph.  velutinuSi  Murr. 

Mas. — Niger,  opacus,  sericeo-opalino-velutinus,  thoracis  la- 
teribus,  pygidio  et  femoribus  subtus,  rubro-cupreis,  elytris 
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leriter  striatis ;  subtus  minus  opacus.    Long.  8  lin.,  h,t  5^ 
lin. 

Male, — ^Deep  black,  opaque,  with  silky  velvety  opaline  re- 
flexions. Head  with  a  nearly  straight  horn,  very  slightly 
bent  back,  scarcely  longer  than  height  of  thorax  ;  front  and 
sides  of  head  transversely  strigosely  granulated.  Thorax  ex- 
cavated in  front,  and  with  two  tubercules  in  the  middle,  pro- 
jecting over  the  hollow,  much  broader  and  deeper  in  front 
than  behind,  the  anterior  angles  projecting  a  little,  and  slightly 
reflexed ;  a  narrow  irregular  space  along  the  margins,  of  a 
rich  dull  red  metallic  copper  colour,  which  also  extends  over 
the  reflexed  margin  at  the  side  of  the  posterior  angles  of  thorax* 
There  are  two  shallow  depressions  at  the  base  of  the  thorax 
in  front  of  the  scutellar  space.  No  scutellum.  Elytra  con- 
tracted at  the  base,  margined  with  a  raised  line  and  reflexed 
margin,  faintly  striated  ;  the  striae  dull  and  impunctate,  and 
each  ending  in  a  fovea  at  the  base.  Pygidium  very  faintly 
and  sparingly  punctate,  opaque,  of  the  same  rich  dull  red 
metallic  copper  colour  as  the  margin  of  the  thorax ;  as  also 
are  the  under  sides  of  the  thighs.  Under  aide  less  opaque  than 
upper ;  mesosternum  not  produced,  nearly  diamond  shaped ; 
anterior  point  of  it  a  little  pinched  in,  and  with  a  slight  de- 
pression behind  it ;  anterior  tibiae,  with  two  teeth  and  a  sinua- 
tion,  besides  the  terminal  tooth. 

One  of  the  smallest  species  of  Phanceua.  A  single  male 
specimen  is  all  that  I  have  seen. 

Chlorota,  Burm. 

1.  CA.  lineata,  Murr. 

Statura  Euchlorce  viridist  sed  magis  elongatus  et  postice 
latior,  nitens,  viridis,  levissime  punctatus;  elytris  viridibus 
cum  tinctura  testacea  translucenti  disposita  in  vittis;  meso- 
sternofortiter  projiciente ;  unoex  unguiculis  anterioribus  bifido, 
unguiculis  ceteris  simplicibus ;  subtus  roseo-cupreo-viridi. 
Long.  12  lin.,  lat.  6  lin. 

Nearly  of  the  same  form  as  Euchlora  viridis,  but  a  little 
more  elongate,  and  the  elytra  a  little  expanded  behind ;  bright 
green,  polished,  shining,  exceedingly  faintly,  irregularly  punc- 
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tate.  Head  with  a  few  scattered,  nearly  imperceptible,  punc- 
tures on  the  forehead,  deeply  and  closely  punctate  along  the 
clypeus ;  a  black  line  like  a  crack  starts  from  the  corner  in 
front  of  the  canthus  of  the  eye,  and  after  a  short  distance 
breaks  into  two  branches,  which  soon  disappear ;  as  in  the  rest 
of  the  genus,  a  short  canthus  half  separates  the  eye  into  two. 
Labium  emarginate.  Thorax  bright  green,  with  a  faint  tes- 
taceous tint  shining  through  here  and  there ;  very  smooth  on 
the  disk,  but  a  few  small  scattered  punctures  may  be  seen 
by  the  aid  of  a  lens,  and  these  are  more  numerous  and  visible 
(although  still  very  faint  and  sparse)  along  the  sides.  The 
punctures  are  nearly  uniform  in  size,  not  largQ  and  small 
mixed  together ;  a  marginal  stria  runs  along  the  sides,  not 
reaching  wholly  to  the  basal  margin,  is  continued  round  in 
front  of  the  anterior  angles,  but  disappears  immediately 
after ;  no  marginal  stria  along  any  part  of  the  base.  Scu^ 
tellum  elongate,  very  smooth,  nearly  impunctate ;  the  apex 
and  margins  next  to  it  black.  Elytra  green,  with  a  testa- 
ceous tinge  shining  through,  which  is  disposed  in  longitu- 
dinal stripes, — ^in  my  specimen  there  are  three  such  stripes 
visible  on  each  elytron, — polished  and  shining,  with  scattered 
minute  longitudinal  punctures,  disposed  somewhat  in  rows, 
not  visible  to  the  naked  eye.  There  are  several  impressions, 
like  effaced  strise,  and  a  few  larger  punctures,  disposed  irre- 
gularly along  the  margin  near  the  base,  like  a  marginal 
Btria.  Pygidium  bright  green,  with  a  bronzy  hue  in  some 
lights ;  irregularly  transversely  strigose.  Under  side  and  legs 
rich  rosy  copper,  with  the  middle  of  the  breast  and  basal  por- 
tion of  abdominal  segments  bronzy  green ;  presternum,  sides  of 
breast,  and  edges  of  thighs,  thickly  clothed  with  a  fulvous 
pubescence ;  abdominal  segments,  except  the  last,  strigosely 
punctate,  with  occasional  hairs  springing  from  the  punctures, 
which  are  arranged  chiefly  in  an  irregular  line,  parallel  with 
margins  of  the  segments ;  last  segment  smooth  and  impunc- 
tate, except  on  the  margins.  Mesostemum  produced  into  a 
strong  decumbent  spike,  recurved  at  the  apex ;  sides  of  breast 
obliquely  strigose ;  middle,  impunctate  behind,  but  punctate  in 
iront ;  the  punctures  (from  most  of  which  a  hair  proceeds)  ex- 
tending up  the  mesosternal  projection  to  nearly  the  point 
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where  the  ponctnation  is  abruptly  terminated  hy  a  fine  rounded 
line ;  a  black  suture  runs  down  the  middle  of  the  mesoster- 
Bum,  with  a  branch  projecting  from  each  side,  near  the  middle, 
like  an  arrow-head.  One  of  the  anterior  claws  of  the  only 
specimen  I  have  received  is  bifid,  while  the  middle  and  pos- 
terior tarsi  have  both  claws  simple,  thus  showing  tiiat  my 
specimen  is  a  male. 

It  is  possible  that  the  testaceous  tinge  seen  shining  through 
the  green  in  this  species,  and  forming  the  stripes  on  the  elytra, 
from  which  I  have  given  it  its  name,  may  appear  more  or  lesd 
distinct,  according  to  the  maturity  of  the  insect.  Having 
received  only  one  specimen,  I  cannot  say  as  to  this ;  but  my 
specimen  seems  in  all  respects  fully  matured. 

2.  Ck  EuchloroideSi  Murr. 

Statura  fere  Euchlora  grandiSj  et  colore,  et  facie  supra, 
et  simillima.  Politus,  nitidus,  viridis,  punctatus,  punctis  ma- 
joribus  et  minoribus  intermixtis,  scutello  grandi,  mesostemo 
fortiter  projiciente.    Long.  13  lin.,  lat.  8  lin. 

Nearly  of  tne  forin  of,  and  exceedingly  resembling, 
Euchlora  grandisy  in  colour  and  facies.  Green,  shining,  and 
polished.  Head  finely  and  densely  punctate,  particularly  in 
front.  Thorax  densely  and  finely  punctate ;  the  interstices 
between  the  punctures  filled  with  a  still  finer  punctuation, 
and  both  crowded  together  into  a  kind  of  granulation  on 
the  sides  of  the  thorax.  There  is  a  marginal  line  and  raised 
margin  along  the  sides,  which  disappears  after  turning  the 
anterior  angles,  and  scarcely  turns  the  posterior.  The  raised 
margin  is  more  or  less  testaceous,  sometimes  quite  yellow, 
and  sometimes  green,  with  a  yellow  tinge  shining  through. 
Scutellum  large,  longer  than  broad ;  the  apex  and  a^acent 
margins  black;  very  faintly  punctate.  Elytra  green,  with 
reflexed  margin,  which  is  more  or  less  yellow,  or  green,  tinged 
with  yellow  shining  through;  punctate,  the  punctures  as  if 
made  from  behind,  some  disposed  in  strise,  of  which  depressed 
traces  are  seen.  Under  side  and  legs  green,  with  a  faint  cop- 
pery tinge  in  certain  lights,  particularly  along  the  margins  of 
the  segments  of  the  abdomen  ;  pubescence  on  posterior  sides 
of  breast  and  edges  of  thighs  not  so  dense  as  in  preceding 
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'Species;  mesostemal  projection  and  middle  of  breast  witb 
Tiearly  the  same  markings  as  last  species,  but  stouter  and  not 

punctate.  I  have  only  receiyed  female  specimens  with  the  tarsi 
perfect.  They  have  the  exterior  claw  in  each  tarsus  bifurcate* 

as  Is  the  character  of  the  claws  of  the  female  in  this  genus. 

Leucothyrbus. 

1.  L.  iSigae,  Murr.     (PL  III.,  fig.  5.) 

Supra  castaneo-cuprescens,  glaber ;  antennis  articulis 
decem,  castaneis,  clava  rufa ;  capite  magno,  grosse  denseque 
punctato-rugoso ;  prothorace  fortiter  punctato,  lateribusgrosse 
punctatis-rugosis,  marginibus  denticulatis  ;  scutello  punctate ; 
ely tris  inequalibus,  lineis  leeviter  elevatis  signatis,  humeris  et 
spatio  prope  apicem  prominentibus,  laeyiter  punctatis,  punctis 
minoribus  et  majoribus  interspersis ;  sabtus  cuprescens,  spar- 
sim  fulvo-pubescens ;  pygidio  punctate.  Long.  14  lin.,  lat. 
6^6  lin. 

Oblong,  and  rather  depressed ;  dark,  dull,  coppery,  reddish 
chocolate-brown,  with  dull  reddish  metallic  lustre  in  parts, 
especially  on  the  head  and  thorax,  and  thighs  and  abdomen  ; 
glabrous  above.  Head  very  large  and  broad,  rounded  in  front, 
•very  deeply,  thickly,  an(?  coarsely  punctate;  the  clypeus 
chocolate  brown,  separated  from  the  forehead  by  a  faint 
suture ;  the  forehead  dull,  coppery,  reddish  brown.  Antennss 
10-jointed,  chestnut*brown;  club,  pale  and  reddish.  Eyes  large, 
but  not  prominent ;  a  short  canthus  encroaches  on  the  anterior 
half.  Labrum  large,  declive,  projecting  in  front,  foveolate ; 
slightly  metallic,  and  with  some  scattered  fulvous  hairs. 
Thorax  short  and  broad,  bisinuated  behind,  deeply  emargi- 
nate  in  front ;  anterior  angles  prominent  and  acute,  widest 
a  little  behind  the  middle ;  whole  surface  covered  with  large 
punctures,  less  deeply  impressed  on  the  disk,  but  very  deep, 
coarse,  and  rugose  on  the  sides,  extending  to  and  upon  the 
raised  lateral  margin,  which  appears  irregularly  denticulate, 
as  if  from  the  large  punctures  having  pierced  through  the 
edge  and  left  circidar  breaks  in  its  continuity.  This  raised 
margin  is  distinct  and  well  marked  on  the  sides,  and  extends 
Along  the  base,  but  is  awanting  in  front.  The  basal  raised 
margin  is  virescent ;  there  is  the  trace  of  a  dorsal  smooth 
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ridge  most  diatinct  in  front.  The  seuiellum  is  doll  metallic 
red,  ivith  virescent  margins ;  it  is  triangular,  with  the  apex 
rounded,  and  is  distinctly  punctate,  though  not  so  coarsely  or 
deeply  as  the  head  and  thorax ;  a  faint  irregular  impunctate 
raised  line  passes  down  the  middle.  The  elytra  are  smoother, 
particularly  on  the  disk;  but  are  so  closely  covered  with  minute 
punctures  as  to  have  something  of  an  opaque  appearance.  Be- 
sides these  minute  punctures,  there  are  others  of  various  larger 
sizes  scattered  among  them ;  and  a  third  class  of  still  larger 
punctures  is  also  to  be  seen,  which  have  a  tendency  to  run  in 
striiB.  The  whole  of  these  punctures,  however,  are  very  shallow, 
and  have  no  resemblance  to  the  deep  punctures  on  the  head 
and  thorax.  They  are  most  deeply  impressed  about  the  base 
of  the  elytra.  The  disk  is  flattish,  the  shoulders  are  promi- 
nent, and  a  sort  of  ridge  connects  them  with  an  apical  promi- 
nence, the  sides  falling  rapidly  down  on  each  side,  and  ex^ 
panding  somewhat  behind;  the  wings  are  long  and  brownish. 
Pygidium  finely  punctate — most  closely  and  finely  at  base. 
The  under  side  is  of  the  same  colour  as  the  upper ;  the  abdo- 
men and  thighs  are  smoother  and  more  shining.  Prostemum, 
and  especially  mesostemum,  clothed  with  longish  fulvous  pu- 
bescence ;  mesostemum  coarsely  punctate ;  segments  of  abdo- 
men more  faintly  and  sparingly  punctate ;  punctures  deepest 
along  the  margin  of  the  segment ;  legs  coppery,  dark  reddish 
brown,  with  faint  metallic  lustre ;  anterior  tibise  with  three 
teeth ;  tarsi  moderate  in  length,  and  slightly  thickened.  In 
the  only  specimen  I  have  received,  the  middle  tarsi  have  the 
outer  claw  bifid,  and  the  posterior  tarsi  the  claws  simple ; — 
the  anterior  claws  have  been  broken  off. 

Ancognatha,  Erich.* 

1.  A,  Jamesoni,  Murr.     (PI.  III.,  fig.  4.) 

Testacea,  nitida;  vertice,  pronoti  disco,  elytrorum  disco  et 
margine  plus  minusve  nigris  vel  piceo-nigris  ;  pronoto  elytris 

*  Notwithstanding  the  high  authority  of  Professor  Lacordaire  (Hist,  des  Ins. 
Hi.,  899),  who  disallows  this  genus,  and  retains  it  as  a  portion  of  tiie  Genus 
Cyclouphala,  I  agree  with  Ericbson  in  holding  that  the  characters  he  has 
given,  more  espedally  the  recurved  mandihles,  are  sufficient  to  justify  its  being 
retained  as  a  distinct  genus,  although  they  may  not  be  of  equal  value  with 
those  of  the  great  genus  from  which  he  has  separated  it. 
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auguBtiore ;  scatello  leBvissime  punotato ;  elytria  geminato- 
punctato-striatis,  postice  parom  dilatatis;  genicidis,  iibiis 
extQs  et  tarsia  plus  minoBye  piceis.    Long.  12  lin.,  lait.  6  lin. 

Testaceous,  more  or  less  clouded,  or  marked  with  black,  or 
piceons  black.  Head  conically  produced,  and  recurved  like 
a  sow's  snout ;  rugosely  punctate,  the  edges  and  front  with 
a  reflezed  black  margin ;  two  tubercules,  united  by  a  curved 
ridge  between  the  eyes,  making  a  slight  separation  between 
the  front  and  back  of  the  head ;  these  tubercules  and  ridges, 
the  vertex  and  the  reflezed  margins  of  the  head,  are  all  more 
or  less  ^stinctly  marked  with  black  or  dark  brown.  Mandibles 
black,  protruding,  tapering,  recurved ;  but  not  reaching  so  far 
as  the  end  of  the  snout.  Palpi  and  antennss  blackish  brown ; 
antennsd  with  ten  joints.  Thorax^  with  two  or  three  depres- 
sions or  irregularities  in  the  surface  on  each  side  of  the  disk  ; 
more  or  less  clouded  with  black  or  dark  brown,  often  enclosing 
two  testaceous  spaces  onthe  disk;  smooth  and  shining,  sparingly 
punctate,  at  its  widest  narrower  than  the  elytra ;  when  seen 
in  profile,  not  rising  in  a  curve  from  the  base,  but  proceeding 
straight  forward,  and  rounding  down  towards  the  apez ;  mar- 
gin with  a  raised  edging  along  the  sides  in  front  and  a  short 
part  of  the  base  next  the  angles,  but  not  on  the  middle  of 
the  base,  which  is  slightly  bisinuate ;  sides  rounded,  slightly 
oblique  behind,  widest  a  little  before  the  middle,  rapidly  con- 
tracted in  front ;  anterior  angles  slightly  projecting ;  poste- 
rior angles  rounded.  Scutellum  triangular ;  lateral  sides  very 
slightly  sinuate ;  sparingly  and  fikintly  punctate ;  testaceous, 
with  a  larger  or  smaller  black  or  dark  patch,  which  is  more 
or  less  interrupted  with  testaceous.  Elytra  shining,  of  rather 
a  coarse  texture,  more  or  less  clouded  with  black,  the  ez- 
tent  of  the  black  varying  much.  The  testaceous  portions 
are  usually  a  space  around  the  scutellum,  ezteAding  a  short 
distance  along  the  suture  and  along  the  base,  sending  down 
for  a  short  distance  about  the  middle  an  arm  parallel  to 
the  suture,  then  to  the  shoulder,  after  rounding  which,  at 
the  very  base,  it  turns  down  and  sends  an  elongated  stripe 
parallel,  or  nearly  so,  to  the  exterior  margins,  sometimes  con- 
tinuing more  or  less  distinctly  round  the  whole  elytron,  till  it 
reaches  the  suture  near  the  apex,  where  there  is  almost  always 
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a  testaceous  patcli  on  each  side  of  tlie  suture.  The  sides  of 
the  elytra  are  not  quite  parallel,  being  a  little  expanded  behind 
the  middle.  Each  elytron  is  deeply  punctate  striate,  as  fol- 
lows, yiz., — a  single  regular  row  of  punctures  runs  next  the 
suture,  then  follows  a  space  with  two  or  three  irregular  rows, 
then  two  regular  rows,  then  two  or  three  irregular  rowd,  then 
two  regular  rows,  two  or  three  irregular  rows,  two  regular 
rows,  and  the  remainder  irregular  rows.  Margin  with  a  re- 
flexed  border,  which  is  expanded  about  the  middle  of  the 
elytron.  Pygidium  testaceous,  rather  large,  smooth  and  im- 
punctate ;  upper  side  of  penultimate  segment  of  abdomen 
finely  punctate.  Under  aide  of  body  wholly  testaceous ;  meso- 
sternum  clothed  with  long  fulyous  hairs;  prostefnum  less 
hairy,  and  abdomen  with  only  a  few  hairs  along  the  margins  of 
the  segments,  where,  as  well  as  on  the  sides,  there  are  a  few 
punctures.  Legs  testaceous,  with  a  tinge  of  piceous  or  brown 
at  the  knees,  and  along  the  outer  margin  of  the  tibisd ;  the 
anterior  tibise  have  three  teeth.  The  tarsi  wholly  piceous,  long 
^nd  slender.    The  claws  simple,  and  of  equal  proportions. 

This  species  bears  considerable  resemblance  to  A.  ustulata 
(Dej.),  Burm.  Its  system  of  coloration  is  the  same,  and  its 
general  form  is  also  very  near  it ;  but  it  is  larger,  of  a  coarser 
texture,  and  has  the  head  and  thorax  punctate,  and  the  elytra 
punctate  and  geminato-punctate  striate  ;  whereas  in  ustulata^ 
the  head  and  thorax  are  smooth  and  impunctate,  and  elytra 
only  very  faintly  punctate. 

I  have  received  many  specimens  of  this  species  from  Pro- 
fessor Jameson,  in  honour  of  whom  I  have  named  it,  but  I  do 
not  find  in  any  of  them  the  thickening  of  the  anterior  tarsi, 
usually  seen  in  the  males  in  this  genus.  It  may  be  that  they 
are  all  females,  but  I  have  not  been  able  to  ascertain  this 
by  dissection,  in  consequence  of  the  interior  of  the  insects 
having  been  eaten  away  by  larvas  on  their  way  home. 

2.  A.  crassimanuSi  Murr.    (PL  III.,  fig,  3.) 

Prsecedenti  valde  affinis,  sed  major  et  robustior,  capite  et 
mandibulis  grandioribus ;  thorace  latiore,  latitudine  elytris 
equali;  scutello  fortiter  8trigoso-punctato|;  elytris  fere  parallelis, 
vix  postice  dilatatis;  pedibus  anterioribus  valde  incrassatis. 
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Colore  testaceo,  thorace  macula  oblonga  dorsali,  et  duabus 
parris  maculis  rotundatis  in  angulis  anterioribus  piceis  sig- 
nato ;  elytris  maculis  parvis  humeralibus  et  apicalibus  piceis 
signatis.   ^Long.  13}  lin.,  lat.  6  lin. 

Closely  allied  to  the  preceding  species.  Testaceoas,  with 
the  back  part  of  the  head,  a  dorsal  elongate  patch  and  two 
faint  spots  in  the  anterior  angles  of  the  thorax,  a  patch  at  the 
base  of  the  scutellum,  the  sutural  line  and  the  exterior  mar- 
gin, as  well  as  a  humeral  and  apical  spot  in  each  elytron, 
piceous  or  blackish  brown.  Head  finely  rugosely  punctate, 
projecting  very  much,  and  turned  up  like  a  sow's  snout ;  the 
margins  with  a  reflexed  black  border ;  the  mandibles  project- 
ing forward,  and  recurved  like  a  boar's  tusks,  extending  a  third 
of  their  length  beyond  the  muzzle ;  a  curved  transverse  de- 
pression between  the  eyes.  The  back  part  of  the  head 
marked  with  a  transverse  line  of  black,  widest  in  the  middle. 
Thorax^  very  convex  when  seen  in  profile,  rising  with  a  curve 
both  from  the  base  and  apex,  widest  a  little  before  the  middle, 
broader  at  its  widest  than  the  elytra ;  anterior  angles  acute 
and  produced  ;  posterior  angles  obtuse  and  rounded ;  base  bi- 
sinuate.  It  has  a  reflexed  piceous  margin  all  round,  most 
distinct  on  the  sides,  which  are  so  much  expanded  and  re- 
flexed as  to  leave  a  small  gutter  between  the  edge  and  the 
body  of  the  thorax;  is  covered  with  scattered  shallow  punctures, 
and  somewhat  granular  towards  the  sides.  Scutellum  rounded ; 
triangular,  granular,  or  rugosely  punctate  at  the  apex;  smooth 
behind.  Elytra  with  the  sides  nearly  parallel,  and  scarcely 
dilated  behind  the  middle;  with  a  reflexed  margin,  most  pro- 
minent in  the  middle ;  punctate  striate,  the  strise  running  in 
pairs,  and  the  interstices  irregularly  punctured,  as  in  the  last 
species.  Pygidiummih  some  longitudinal  corrugations.  Under 
tide  of  body  testaceous,  with  a  testaceous  pubescence,  princi- 
pally on  the  mesostemum.  The  anterior  legs  are  very  much 
thickened,  and  the  tarsi,  and  more  especially  the  last  joint 
and  claws,  greatly  developed.  The  anterior  tibi»  have  three 
teeth ;  the  middle  and  posterior  thighs  and  tibiss  are  robust, 
but  the  tarsi  are  long  and  slender.  The  outer  claw  of  the 
anterior  tarsi  is  much  larger  than  the  inner.  The  middle  and 
posterior  claws  are  simple,  and  of  equal  proportions. 
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Alihough  this  species  is  very  closely  allied  to  the  preceding,— 
so  much  so  as  to  suggest  the  idea  of  its  being  its  male, — ^I  find 
so  many  points  of  difference  which  I  cannot  consider  sexual, 
that  I  am  satisfied  it  belongs  to  a  distinct  species.  Patting 
aside  the  difference  in  colour,  which  may  be  ascribed  to  the 
score  of  variation,  the  much  more  developed  mandibles,  and 
the  immensely  thickened  legs  and  anterior  tarsi,  and  the 
smaller  pygidium,  which  may  be  viewed  as  sexual  (although 
in  no  other  species  of  the  group  are  sexual  differences  deve- 
loped to  such  an  extent),  we  have  very  marked  differences  in 
the  proportions  and  form  of  the  head,  thorax,  and  elytra; 
the  head  is  proportionally  broader  and  more  projecting  in 
front,  and  the  inequalities  on  the  surface  are  fewer  and  less 
marked  than  in  Jamesoni  ;  the  thorax  and  elytra  are  more 
shining  and  smooth  in  the  latter,  the  punctures  deeper  and 
better  defined.  The  thorax  is  of  a  different  form ;  in  Jamesoni 
it  is  not  nearly  so  convex,  the  curve  proceeding  gently  and 
gradually  from  the  base  without  any  rapid  or  abrupt  rise; 
while  in  Cr<issimaniu  it  takes  a  very  marked  rise,  both  in 
front  and  behind ;  in  the  latter  also  it  is  broader  than  the 
elytra ;  in  the  former  considerably  narrower.  The  former  has 
the  anterior  angles  only  slightly  produced;  the  latter  has 
them  much  more  projecting.  The  reflexed  margins  are  greatly 
more  marked  in  CrassimamiSy  which  also  has  the  margin  all 
the  way  round ;  while  in  Jamesoni  it  disappears  on  the  base. 
The  scutellum  is  smooth  and  nearly  impunctate  in  the  one ; 
in  the  other  it  is  strigosely  granular.  The  elytra  in  Crassi' 
mantis  are  proportionally  longer  and  narrower,  and  are 
nearly  parallel,  very  slightly,  if  at  all,  dilated  behind;  while  in 
Jamesoni  the  dilatation  is  well  marked.  In  it  the  pygidium 
is  smooth  and  shining ;  while  in  this  species  it  is  dull,  and 
has  a  number  of  longitudinal  grooves  or  strise.  These  differ- 
ences satisfy  me  that  the  two  species  are  distinct. 

I  have  only  received  a  single  specimen  of  this  species,  and 
its  very  curious  greatly-developed  anterior  tarsi  leads  me  to 
suppose  that  it  is  a  male. 
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On  the  Infiuence  of  Magnetiim  over  Chemical  Action. 

By  H.  F.  Baxter,  Esq. 

The  following  inqtdry  originated  in  an  endeavour  to  ascer- 
tain whether  Magnetism  possessed  any  influence  over  Organic 
ForeeSy  and  the  kind  of  experiments  that  were  undertaken 
for  the  purpose  of  solving  this  question,  was  that  of  submitting 
seeds  during  vegetation  to  the  influence  of  magnetism.*  These 
experiments,  however,  having  failed  to  give  us  any  definite 
or  decided  result,  we  were  ultimately,  and  perhaps  naturally, 
led  to  ask  ourselves  the  question.  Does  magnetism  possess  any 
influence  over  chemical  action  f  The  solution  of  this  ques* 
tion  appeared  to  be  almost  a  necessary  preliminary  step  to  the 
continuation  of  our  original  inquiry. 

We  shall  not  in  the  present  inquiry  enter  into  any  length- 
ened detail  of  the  numerous  experiments  we  have  undertaken, 
the  results  of  which  were  negative,  but  proceed  at  once  to  the 
main  object  of  our  paper,  which  will  be,  on  the  present  occasion, 
the  influence  oi  Magnetism  (in  its  8tatic\  or  quiescent  condition) 
over  chemical  action ;  leaving  the  second  part  of  our  inquiry 
— the  influence  of  Magnetism  Qn  its  dynamic  condition,  or 
when  in  motion)  over  chemical  action — ^to  a  future  occasion. 

Fabt  I. — The  Influence  of  Magnetism  {in  its  static  or  qaies- 
cent  condition)  over  Chemical  Action* 

For  the  convenience  of  discussion,  we  shall  arrange  our  pre- 
sent subject  under  three  heads,  reversing  the  order  we  pur- 

*  To  the  CouncU  of  the  Royal  Society,  who  UbereUy  granted  the  use  of  their 
large  magnet,  and  to  Profenor  Wheatstone,  for  the  loan  of  his  large  electro- 
magnet^ we  are  greatly  Indebted,  and  alao  to  the  Government  Ghrant  Committee 
of  1855,  who  granted  the  sum  of  £30  for  the  pnrpoM  of  carrying  on  the  preaent 
inquiry. 

t  We  feel  eome  diAcolty  in  thus  ezpreasing  onrselyee.  Can  we,  for  inatancd, 
oontider  the  fore*  in  a  eteel  bar  magnet,  when  qnieecent,  as  being  in  a  vtMic 
condition  ?  We  cannot  do  better  than  refer  to  Professor  Faraday's  papers, 
and  amongst  others  to  that  published  in  the  Phil,  Mag,,  Jane  1852,  par, 
3261,  3269,  for  the  purpose  of  expressing  ww  meaning.  We  hare  no  wish  to 
depreciate  the  opinions  of  other  phUosophers,  but  stronger  reasons  than  those 
that  have  been  already  urged  against  us  for  adopting  the  opinions  of  this  emi- 
nent indlTidual,  mnst  be  assigned  before  we  can  consider  his  views  as  incorrect; 
whether  we  are  right  or  not  tims  alone  must  show. 
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sued  in  our  inquiry.  First,  On  the  directive  influence  of 
magnetism  (static)  over  chemical  action;  Secondly^  Does 
magnetism  (static)  increase  chemical  action  ?  and,  Thirdly, 
Does  magnetism  (static)  excite  or  originate  chemical  action  f 

§  I.  On  ths  Directive  Injluenee  of  Magnetism  over  Chemical 

Action. 

Professor  Wartmann,  •  in  the  course  of  his  investigations, 
found  that  when  a  bar  of  iron  was  magnetized,  and  placed  in 
a  solution  of  sulphate  of  copper,  a  rotation  of  the  fluid  occurred 
around  the  pole.  Chemical  action  of  a  certain  intensity,  and 
that  the  bar  should  be  in  a  state  of  magnetization,  were,  he 
considered,  requisite  and  necessary  conditions.  He  refers  it 
to  *'  a  new  instance  of  electro-magnetic  rotation ;"  and  also 
states  that  Professor  Grove,  by  placing  an  iron  bar,  suspended 
to  a  powerful  magnet,  in  dilute  sulphuric  acid,  had  observed 
the  same  phenomenon,  and  that  Professor  Christie  had  like- 
wise obtained  this  rotation. 

In  the  following  experiments  we  made  use  of  a  straight  bar 
electro-rmagnet,  in  the  following  manner : — The  bar,  of  soft 
iron,  was  fifteen  inches  in  length,  and  seven-eighths  of  an  inch 
in  diameter.  To  one  end  a  glass  vessel,  five  inches  deep,  two 
inches  and  three'  quarters  in  diameter,  open  at  both  ends,  was 
fixed  by  means  of  a  cork,  through  which  the  bar  passed  to 
the  extent  of  two  inches.  This  experimental  cell,  which  we 
shall  designate  as  the  upper  cell,  so  arranged,  was  capable  of 
holding  ten  ounces  of  fluid.  The  other  end  of  the  bar  could 
be  easily  passed  through  the  helix,  and  placed  in  another  glass 
cell,  containing  any  solution  or  not,  according  to  circum- 
stances, and  this  we  shall  hereafter  designate  as  the  lower 
experimental  cell. 

The  helix  consisted  of  about  three  hundred  yards  of  covered, 
rather  thin,  wire ;  it  was  four  inches  in  length,  one  inch  in 
internal  diameter,  and  one  inch  and  a  half  in  external  dia- 
meter. 

The  battery  consisted  of  six  of  Grove's  middling-sized  cells. 

Pouring  some  saturated  solution  of  sulphate  of  copper  into 
the  upper  cell,  but  not  to  cover  the  bar,  and  looking  dowi^ 

*  na.  Mag,  1847,  p.  363. 
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upon  the  bar,  no  effect  is  at  first  observed :  after  a  short  time, 
as  the  copper  is  deposited  upon  the  bar,  a  slight  narrow  rota^ 
Hon  may  be  observed  around  the  bar,  near  Ihe  surface  or  sides 
of  the  bar ;  this  may,  however,  soon  subside,  and  some  con- 
siderable time  elapse  before  the  rotation  recommences.  It  is 
best  seen  when  fine  particles  are  floating  in  the  solution,  and 
may  be  observed  below  the  surface  before  the  upper  layer  of 
the  solution  is  affected.  If  pieces  of  cork,  or  any  other  light 
substance,  be  placed  on  the  surface  of  the  fluid,  they  usually 
floated  either  to  the  side  of  the  bar  or  to  that  of  the  vessel. 
The  rotation  extended  to  some  distance  from  the  bar,  and 
upon  looking  down  upon  the  fluid,  it  had  the  appearance  as  if 
the  whole  mass  moved.  It  generally  occupied  two  minutes  in 
making  a  complete  circuit,  it  was,  however,  sometimes  less, 
and  at  other  times  longer.  Shaking  the  vessel  did  not  put  a 
stop  to  the  rotation.  Adding  a  few  drops  of  nitric  acid  to 
the  solution  increased  the  effect,  and  by  rendering  the  solu* 
tion  darker,  made  it  more  distinct ;  but  it  was  found  that  if 
too  much  acid  was  employed,  and  if  the  hydrogen  gas  was 
evolved  too  rapidly  from  the  surface  of  the  bar,  the  rotation 
soon  ceased.  Stirring  the  fluid  round  in  the  contrary  direc- 
tion to  that  taken  by  the  fluid  during  rotation^  did  not  destroy 
the  latter,  it  soon  regained  its  former  direction. 

The  direction  of  the  rotation  was  dependent  upon  the  pole 
of  the  magnet.  When  the  wire  connected  with  the  zinc  end 
of  the  battery  was  uppermost,  and  consequently  the  upper  end 
of  the  bar  corresponded  to  the  marked  pole  of  a  magnetic 
needle,  the  rotation  went  from  right  to  left,  round  by  the  east, 
through  south,  to  the  west.  Upon  reversing  the  poles,  the 
rotation  was  reversed;  and  upon  breaking  the  circuit  entirely, 
it  ceased  altogether.  The  rotation  appears,  therefore,  to  be 
in  the  contrary  direction  to  that  which  is  supposed,  according 
to  Ampere's  theory,  to  circulate  around  a  bar-magnet.* 

*.  Wartmann  states,  that  *'  it  1b  directed  like  the  current  of  Ampdre :"  but  he 
calls  that  the  north  pole,  "  at  which  the  current  enters.'*  Some,  we  belieye, 
consider  the  pole  of  the  magnet,  which  points  to  the  north,  to  be  in  reality  the 
south  pole  of  the  magnet.  We  think  we  are  right,  however,  in  considering 
that  the  cumnt  which  is  supposed  to  circulate  around  a  magnet,  in  accordance 
with  Ampdre's  theory,  is  simUar  in  direction  to  that  which  circulates  around 
the  helix  forming  the  magnet. 
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When  the  cell  was  completely  filled  with  the  cupreous  solu- 
tion, so  as  to  coyer  oyer  the  pole,  the  rotation  did  not  appear 
to  extend  but  just  aboye  the  pole. 

The  lower  end  of  the  bar  was  placed  in  a  glass  jar,  two 
inches  and  a  quarter  in  diameter,  and  four  inches  deep,  con- 
taining some  of  the  cupreous  solution,  extending  about  an  inch 
up  the  bar.  The  rotation  was  obseryed  as  in  the  upper  cell, 
but  in  the  revere  direction,  and  in  the  same  direction  as  if 
the  lower  pole  had  been  inverted^  looking  upwards.  Under 
the  supposition  that  currents  circulate  around  the  magnet  in. 
a  certain  determinate  direction,  according  to  the  theory  of 
Ampere,  we  expected  to  find  that  the  rotation  would  haye 
occurred  in  the  same  direction  as  in  the  upper  cell,  whilst  the 
bar  continued  in  the  same  position,  being  straight,  and  not  of 
the  horse-shoe  shape ;  but  the  rotation  was  in  accordance  with 
the  natiure  of  the  pole,  whether  inyerted  or  not.*  It  occa- 
sionally happened,  howeyer,  and  this  at  first  misled  us,  that 
an  apparent  rotation  occurred  in  the  opposite  direction,  which 
eyidently  arose  from  the  following  circumstance  :  upon  pour- 
ing some  of  the  solution  into  the  yessel,  from  the  narrow  space 
that  existed  between  the  bar  and  the  sides  of  the  yessel,  a 
circular  motion  of  the  fluid  was  produced;  and  if  a  slight 
eyolution  of  hydrogen  gas  occurred  upon  the  surface  of  the 
bar,  this  assisted  in  keeping  up  this  circular  motion.  Filling 
the  glass  carefully  with  the  solution,  this  motion  was  preyented 
from  occurring,  and  the  rotation  was  ultimately  obseryed  to 
take  place  as  we  haye  stated ;  it  did  not  occur,  howeyer,  high 
up  the  bar,  but  was  yery  distinct  near  the  end  of  the  bar. 
Occasionally  two  distinct  circles  were  obseryed  to  occur,  ro- 
tating in  the  fluid,  separated  by  a  narrow  band  of  liquid. 
Whether  this  nan*ow  band  was  quiescent,  or  whether  it  was 
rotating,  but  not  apparent  from  the  particles  not  being  percep- 
tible, we  are  at  present  unable  to  decide. 

The  appearance  of  the  rotation  in  the  two  cells  was,  gene- 
rally speaking,  not  simultaneous,  although  the  same  solution 
was  employed,  the  poles  equidistant  from  the  helix,  and  the 

*  Since  this  paper  was  written  we  have  found  that  De  la  Rive  has  made 
similar  observations  upon  the  electro-magnetic  rotations  of  mercury. — (Afe« 
moirtt  de  la  Sociitt  de  Ph^tique  de  Oeti^ve,  t.  iii.  p.  127.) 
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two  vessels  of  the  same  size  and  diameter.     It  usually  com- 
menced in  one  cell  earlier  than  in  the  other. 

Instead  of  the  cupreous  solution  we  now  employed  dilute 
sulphuric  add  in  the  same  manner.  In  these  experiments 
we  obtained  the  rotation  as  before,  and  in  the  same  direction, 
being  reversed  when  the  poles  were  reversed,  and  ceasing  en- 
tirely upon  the  breaking  of  the  circuit.  It  was  necessary, 
however,  in  these  experiments  to  take  care  that  the  acid  solu- 
tion should  be  very  weak,  for  it  was  found  that  a  too  rapid 
evolution  of  hydrogen  gas  created  currents  in  the  fluid,  which 
interfered  with  the  results.  The  rotation  did  not  commence 
immediately ;  and  under  the  supposition  that  the  density  of 
the  fluid  might  have  some  influence,  we  dissolved  some  sul- 
phate of  iron  in  the  solution  with  apparent  advantage. 

It  was  interesting,  in  these  experiments,  to  observe  the  iron, 
as  it  separated  from  the  bar,  thrown  ofi*  in  jerks,  like  radii, 
at  right  angles  to  the  bar,  to  some  distance  in  the  fluid,  where 
it  gradually  dissolved ;  or  forming  a  thin  convex  layer,  like 
the  upper  surface  of  an  open  umbrella*  At  these  times,  how- 
ever, the  rotation  was  not  observed,  and  it  was  only  during 
the  time  when  the  evolution  of  gas  took  place  very  quietly 
that  it  occurred. 

When  a  solution  of  sulphate  of  zinc  was  employed  in  the 
same  manner,  we  did  not  obtain  any  eflTect,  but  upon  adding 
some  nitric  acid  to  the  solution,  the  rotation  ultimately  oc- 
curred as  in  previous  experiments. 

As  far  as  we  have  thus  gone,  our  experimental  results  con-* 
firm  those  obtained  by  Wartmann,  and  perhaps  those  of  Grove 
and  Christie  ;*  and  we  shall  now  make  one  or  two  observa- 

*  The  only  knowledge  we  have  of  the  ezperimentu  of  the  two  latter  philo- 
sophers is  from  the  facts,  as  related  by  Wartmann  {loc.  cit,).  We  ought,  per- 
haps to  allude  to  the  experiments  of  Mr  Hunt,  recorded  in  the  **  Philosophical 
Magasine,'*  Jane  1846,  and  in  the  *'  Memoirs  of  the  Geological  Survey  of  Great 
Britain/'  vol.  i.  1846,  in  which  he  caused  different  solutions  to  react  upon  each 
other  over  the  poles  of  an  electro-magnet  of  the  horse-shoe  form.  When  he 
employed  a  solution  of  caustic  potash  and  muriate  of  tin,  '*  curves  of  repul- 
sion" were  formed,  which  were  reversed  upon  the  reversal  of  the  current* 
We  have  employed  simUar  solutions  in  a  similar  manner  over  the  pole  of  a 
straight  bar  electro-magnet,  as  weU  as  over  the  poles  of  the  electro-magnet  of 
the  horse-shoe  form ;  but  we  have  not  been  able  to  obtain  any  rotatory  motion, 
the  effects  were  those  of  repuUion,  and  appeared  to  be  similar  to  those  observed 

U  2 
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tions  in  a  general  manner,  in  reference  to  the  circumstances 
M'hich  appear  to  us  to  be  influential  in  producing  or  inter- 
fering with  the  results.  These  may  for  the  present  be  con- 
sidered under  three  heads ; — Firats  The  strength  of  the  mag- 
net ;  Secondly f  The  density  of  the  fluid ;  and»  Thirdly^  The 
chemical  action.  If  the  chemical  action  be  of  that  nature 
that  a  gas  is  evolyed  from  the  surface  of  the  magnet,  and 
powerful  in  its  action,  so  as  to  occasion  a  rapid  evolution 
of  gas,  vertical  currents  are  created  in  the  fluid,  which  in- 
terfere with  the  horizontal  motion ;  and  no  rotation  is  ob- 
served. On  the  other  hand,  as  already  remarked  by  Professor 
Wartmann,  unless  the  chemical  action  occur,  and  is  of  suffi- 
cient intensity,  and  what  is,  we  may  add,  of  the  utmost  im- 
portance, unless  it  should  continue^  the  rotation  is  not  ob- 
tained. With  the  cupreous  solution  we  frequently  observed  the 
rotation  to  occur,  then  stop  for  some  time,  and  ultimately  re- 
commence and  continue.  If  the  bar  be  perfectly  smooth  and 
polished,  the  copper  is  deposited  in  a  firm  compact  layer, 
difficult  to  remove,  even  by  scraping ;  this  appears  to  put  a 
stop  to  the  chemical  action,  and  the  rotation  is  checked; 
should  the  bar,  however,  not  be  polished,  the  copper  is  depo- 
sited in  patehes,  easily  removed,  presenting  a  striated  appear- 
ance, and  does  not  form  a  firm,  compact  covering  to  the  bar. 
This  copper  falls  ofi*  in  flakes,  and,  as  the  chemical  action  is 
thus  allowed  to  go  on  upon  the  surface  of  the  bar,  the  rota- 
tion continues.  That  the  density  of  the  fluid  is  not  without 
some  influence,  may  be  seen  in  those  instances  in  which  sul- 
phate of  iron  was  added  to  the  acid  solution  with  manifest 
advantage.  In  these  instances  it  could  only  have  acted  by 
increasing  the  density  of  the  fluid,  and  not  by  its  chemical 
agency.  We  shall  relate  some  other  experiments  presently, 
in  which  the  same  facts  were  observed. 

If  the  magnet  be  powerful^  as  appears  to  have  been  the 
case  in  Professor  Grovels  experiments,  light  bodies,  such  as 
pieces  of  cork,  may  be  made  to  rotate  around  the  pole.  It  is 
reasonable  also  to  suppose,  that,  in  those  cases  in  which  the 

by  PlUcker  in  his  experiments  (Taylor's  Scientific  Memoirs,  vol.  v.  p.  567}» 
and  by  Matteucci  (Comptes  Rendus  de  I'Acad^mie  des  Sciences,  23  Hal 
1853),  and  may  be  considered  as  diamagnetU  in  their  character. 
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chemical  action  is  either  too  weak  or  too  powerful  (from  the 
evolution  of  gas)  for  the  rotation  to  occur  with  weak  magnets, 
it  would  become  manifest  with  powerful  magnets. 

The  question  now  arose.  Is  it  necessary  for  the  rotation  to 
occur,  that  the  chemical  action  should  take  place  upon  the 
magnet  ? 

Rings  of  the  following  metals — zinc,  copper,  and  tin — were 
procured,  each  two  inches  in  height,  and  one  inch  in  diameter. 
These  rings  were  placed  over  the  ends  of  the  iron  bar,  with  a 
layer  of  caoutchouc  in  the  form  of  a  cap,  intervening  between 
the  bar  and  the  ring,  for  the  purpose  of  preventing  any 
chemical  action  from  taking  place  upon  the  iron  bar.  With 
the  zinc  rings  surrounding  the  ends  of  the  bar,  and  very  dilute 
sulphuric  acid  in  the  experimental  cells,  the  rotation  was  ob- 
tained, as  if  the  iron  bar  alone  had  been  employed,  and  in  the 
same  direction^  being  reversed  when  the  poles  were  reversed^ 
and  subsiding  upon  the  breaking  of  the  circuit.  To  increase 
the  density  of  the  fluid,  some  sulphate  of  zinc  was  added 
which  rendered  the  rotatory  motion  more  evident. 

With  the  copper  rings  and  dilute  sulphuric  acid  employed 
in  the  same  manner,  no  effect  was  at  first  obtained,  but  upon 
adding  some  nitric  acid  to  the  solution,  it  ultimately  occurred. 
In  this  instance  the  effects  were  the  same  as  with  the  zinc 
rings.  Some  sulphate  of  copper  was  dissolved  in  the  solution 
with  manifest  advantage. 

With  the  tin  rings  and  dilute  muriatic  acid  no  effect ;  adding 
some  nitric  acid,  the  rotation  was  ultimately  obtained,  but  not 
so  distinct  as  in  the  former  experiments ;  the  rotation^  how- 
ever, was  in  the  same  direction^  and  reversed  upon  the  reversal 
of  the  poles. 

The  proper  strength  of  the  acid  in  these  experiments  was 
best  ascertained  in  the  following  manner : — ^The  solution  being 
poured  into  the  cells,  if  no  signs  of  the  evolution  of  gas  ap- 
peared around  the  surface  of  the  metal,  strong  acid  was  care- 
fully and  gradually  added  and  stirred  in  the  fluid,  until  a 
small  ring  of  gas  bubbles  appeared  upon  the  surface  of  the 
solution  around  the  metallic  ring.  Should  the  evolution  of  the 
gas  be  too  violent,  the  solution  was  then  weakened  either  by  dilu- 
tion, or,  what  was  better,  by  adding  a  salt  of  the  same  metal. 
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We  may  add,  that  the  direction  of  the  rotation  in  the 
lower  cell  in  all  these  experiments  was  the  reverse  of  that 
observed  in  the  upper  cell.  The  appearance  of  the  rotation 
in  the  two  cells  did  not  always  coincide,  evidently  indicating 
that  circumstances  affecting  the  chemical  action  were  in  ope- 
ration. 

When  the  rings  were  employed  without  the  magnetized  bar 
no  rotation  was  observed. 

As  it  is  not  necessary  for  the  production  of  this  rotatory 
motion  that  the  chemical  action  should  occur  upon  the  magnet, 
we  were  next  led  to  the  following  series  of  experiments,  for 
the  purpose  of  ascertaining  whether,  during  the  reaction  of 
different  solutions  upon  each  other,  this  rotation  might  not 
also  be  obtained,  and  the  experiments  were  conducted  as  fol- 
lows : — The  lower  end  of  the  iron  bar  was  placed  in  a  small 
porous  earthenware   cylinder,  an  inch   and  a-half  in  dia- 
meter, and  three  inches  in  height,  this  was  placed  in  the 
glass  jar.    We  now  had  an  opportunity  of  placing  any  so- 
lution in  the  porous  jar,  and  another  in  the  glass  vessel  ex- 
ternal to  it.    Some  liq.  potassse  was  placed  in  the  porous 
jar,  in  contact  with  the  iron  bar,  and  dilute  sulphuric  acid  in 
the  external  glass  vessel.    Under  this  form  of  the  experiment 
we  have  never  as  yet  been  able  to  obtain  any  rotatory  motion 
either  of  the  internal  or  external  fluid.    In  order  that  the 
chemical  action  should  occur  upon  the  surface  of  the  septum, 
and  not  mtJiin  the  septum,  the  different  solutions  were  kept 
at  different  heights  in  the  two  cells ;  and  although  the  carbonic 
acid,  in  some  of  the  experiments,  was  given  off  from  the  sur- 
face, we  have  never  yet  been  able  to  obtain  any  effect  indica- 
tive of  magnetic  influence,   whether  rotatory  or  otherwise. 
When  acids  were  employed,  and  placed  in  the  porous  jar,  a 
cap  of  caoutchouc  was  placed  over  the  end  of  the  bar  to  prevent 
any  action  upon  its  surface.    The  solutions  we  employed  were 
those  of  the  different  salts  of  potash,  soda,  ammonia,  iron, 
copper,  zinc,  alum,  and  lead,  with  the  mineral  and  vegetable 
acids,  such  as  the  sulphuric,  nitric,  muriatic,  tartaric,  citric, 
and  oxalic.     The  solutions  were  of  different  strengths, — some- 
times concentrated,  at  other  times  very  weak.    The  salts  of 
the  alkalies,  or  the  metallic  salts,  were  placed  in  substance. 
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either  in  very  fine  powder,  or  moistened,  into  the  porous  cell, 
80  as  to  form,  as  it  were,  a  column  of  salt;  still  we  could  never 
obtain  any  effect. 

On  the  supposition  that  the  earthenware  porous  septum 
might  have  been  too  thick,  other  septa  were  formed,  either  of 
animal  membrane,  or  of  stout  or  fine  calico,  and  employed  in 
the  same  manner,  but  with  the  same  negative  result. 

What  can  be  the  cause  of  our  failures  in  these  latter  ex* 
periments?  Is  it  in  consequence  of  the  magnet  being  too 
weak  that  its  influence  is  not  felt  ?  Or  is  it  in  consequence  of 
the  chemical  force  being  evolved  and  disposed  of  in  such  a 
manner  as  not  to  fulfil  the  conditions  which  are  essential  and 
necessary  for  the  production  and  continuation  of  the  rota- 
tory motion,  which  we  have  observed  in  our  previous  experi- 
ments % 

We  have  now  arrived  at  that  stage  of  our  inquiry,  at  which 
we  may  be  permitted  to  enter  upon  a  few  theoretical  specula- 
tions, and  endeavour  to  ascertain,  if  possible,  the  mode  in 
which  the  results  we  have  hitherto  obtained  appear  to  be 
brought  about ;  but  previous  to  doing  this,  it  will  be  necessary 
to  see  what  the  conclusions  are  which  our  experiments  tend  to 
establish.    They  are  : — 

First,  When  the  pole  of  a  magnet  is  placed  in  a  vessel  con- 
taining a  solution,  which  is  capable  of  acting  chemically  upon 
the  iron  bar,  a  rotation  oi  the  fluid  is  produced;  the  di- 
rection of  this  rotation  depending  upon  the  pole  of  the  bar. 
This  conclusion  has  been  already  deduced  from  the  experi- 
ments of  Wartmann,  Grove,  and  Christie. 

Secondly y  That  it  is  not  necessary  for  the  production  of  this 
rotation  that  the  solution  should  act  (chemically)  upon  the 
iron  bai^  for  if  the  bar  be  surrounded  by  a  metal  ring,  the 
rotation  is  produced,  and  takes  the  same  direction^  provided 
the  solution  is  capable  of  acting  chemically  upon  this  metal. 

Thirdly y  That  the  influence  of  the  magnet^  as  well  as  the 
eanetence  of  the  chemical  action  and  its  continuationy  are 
essential  and  necessary  for  the  production  of  this  rotation. 
This  conclusion  has  been  already  deduced  by  Wartmann  from 
his  experiments. 

Professor  Wartmann  considers  these  phenomena  as  *'  a  new 
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instance  of  electro-magnetic  rotation/'  analogous  to  those  in 
inrhich  mercury  is  made  to  revolye  round  a  magnetic  pole  when 
traversed  by  an  electric  current.  He  also  states,  that  by 
placing  the  platinum  electrodes  of  a  rheometer  alternately, — 
one  near  the  margin  of  the  vessel,  the  other  near  the  bar, — that 
a  current  may  be  detected  and  shown  to  exist,  traversing  the 
solution  in  this  direction,  viz.,  from  the  margin  of  the  vessel 
to  the  bar.  He  considers,  also,  that  the  electro-chemical  action 
which  occurs  when  an  iron  bar  is  placed  in  a  solution  of  copper 
determines  an  electric  current,  which  proceeds  from  the  peri- 
pheric parts  to  those  immediately  around  the  cylinder,  in  the 
direction  of  the  prolonged  radii  of  the  latter. 

In  classing  these  phenomena  (as  Professor  Wartmann  has 
done,  and,  as  we  think,  rfghtly)  with  the  ordinary  electro- 
magnetic rotations^  such  as  those  in  which  wires,  or  even 
cylinders  of  metal,  are  made  to  rotate  around  the  pole  of  a 
magnet,  as  may  be  seen  in  the  experiments  of  Ampere,  Savary, 
Barlow,  Faraday,  De  la  Rive,  and  others,* — there  is  one  cir- 
cumstance which  cannot  but  strike  the  attention  of  the  most 
superficial  observer  as  existing  in  the  latter  class  of  facts,  and 
which  is  absent  in  the  former;  we  allude  to  the  apparent 
necessity  of  a  path  or  conductor  for  the  circulation  of  the 
electric  current  in  the  latter  phenomenon,  without  which  it  is 
supposed  the  effects  would  not  occur  ;  whilst  this  path  for  the 
circulation  of  the  current  is  not  so  evident  and  apparent  in 
the  former  phenomena,  and  appears  to  be  wanting.  Now, 
if  the  ordinary  phenomena  of  electro-magnetic  rotations, 
which  we  have  referred  to,  are  due  to  the  action  of  angular 
currents  upon  each  other,  according  to  the  law  deduced  by 
Ampere,  or  to  the  law  of  magneto-electric  induction,  as  de- 
duced by  Faraday ,t  it  becomes  a  point  not  only  of  some  inte- 
rest, but  also  of  some  importance,  to  ascertain  and  trace  out,  if 
possible,  the  path  of  the  current  in  those  cases  in  which  the 
rotation  of  the  fluid  occurs  without  the  intervention  of  any 
metallic  conductor  for  the  current    Wartmann  says,  that  the 

*  In  Becquerers  Traits  de  1 'Electricity,  voIb.  ii.  and  iii.,  wUl  be  found  an 
account  of  these  phenomena,  to  which  we  must  refer,  and  also  to  De  la  Rive's 
Treatise  on  Electricity. 

t  "  Experimental  Researches,*'  vol.  i.  p.  32,  par,  114. 
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galvanometer  indicates  a  current  to  be  traversing  the  liquid 
from  the  circumference  to  the  centre  of  the  solution.  In  order 
to  account  for  the  rotation  of  the  fluid,  according  to  the  law 
of  angular  currents,  this  is  the  path  the  current  would  theo- 
retically take.  The  metal  (copper)  being  deposited  upon  the 
bar  would  also  indicate  that  the  bar  was  the  cathode  of  the 
voltaic  circuit.  Upon  placing  the  platinum  electrodes  of  the 
galvanometer  in  the  solution  in  the  same  manner  as  pointed 
out  by  Wartmann,  we  have  frequently  obtained  similar  re* 
suits,  viz.,  the  electrode  in  the  neighbourhood  of  the  bar  being 
positive  to  the  other ;  occasionally  the  galvanometer  indica-< 
tions  were  in  the  reverse  direction  ;  most  frequently,  however, 
no  definite  result  was  obtained  with  the  instrument,  but  merely 
slight  vibrations  of  the  needle  occurred.  The  galvanometer 
employed  was  not  a  very  delicate  one ;  nevertheless  the  indica- 
tions were  not  constant.  If  one  electrode  was  in  the  solution, 
and  the  other  on  the  bar,  the  latter  was,  generally  speaking, 
negative  to  the  other,  and  during  this  period  the  rotation 
continued.  In  the  other  experiments,  however,  viz.,  when  the 
sulphuric  acid  solution  was  used  with  the  iron  bar,  or  with 
the  metal  rings  when  surrounding  the  pole,  the  electrode  in 
contact  with  the  metal  was  always  negative  to  the  other  in 
the  solution,  yet  the  direction  of  the  rotation  at  this  time  was 
that  in  which  the  current  would  be  supposed  to  be  travelling 
to  the  metals.  If  the  electrodes  were  both  in  the  fluid,  one 
near  the  metal  and  the  other  at  the  circumference  of  the  solu- 
tion, no  definite  indication  of  a  current  existed.  When  the 
metal  and  the  solution  were  formed  into  a  circuit  by  means 
of  the  platinum  electrodes  of  the  galvanometer,  we  had  the 
well-known  elementary  circle  formed,  and  the  resulting  cur- 
rent travelling  from  the  metal  acted  upon  through  the  liquid 
to  the  other.  We  placed  the  electrode  in  contact  with  the  bar 
in  different  parts  of  its  surface,  at  the  extremities  of  the  bar- 
magnet,  and  as  near  the  middle  as  we  possibly  could  through 
the  helix,  but  on  whatever  part  of  the  bar  the  electrode  was 
placed,  it  was  always  negative  to  that  in  the  solution. 

Although  we  feel  some  difficulty  in  tracing  out  satisfactorily 
the  exact  path  of  the  current ^  or,  perhaps,  more  correctly  speak- 
ing, the  "  line  gf  electro-dynamic  force ;"  and  although  the 
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galvanometer  indications  are  such  as  to  indicate  that  the  metal 
or  the  pole  is  negative  to  the  solutioni  we  nevertheless  believe 
that  the  chemical  action  which  occurs  and  gives  origin  to  the 
current^  and  consequently  to  the  rotation,  is  such  as  to  cor- 
respond with  the  supposition  that  the  current  travels  to  the 
bar  or  pole  of  the  magnet,  in  accordance  with  Wartmann's 
view ;  but  that  the  current  travels  from  the  circumference  to 
the  centre  of  the  solution  is  not  quite  so  evident.  The  cation 
being  evolved  upon  the  surface  of  the  bar  or  metal  either  as  a 
gas,  or  deposited  as  a  metal,  as  is  seen  with  the  cupreous  solu- 
tion, would  indicate  it  to  be  the  cathode.  The  currents  oc- 
curring upon  the  bar  or  metal  are  molecular^  and,  under  ordi- 
nary circumstances,  are  free  to  take  up  any  position ;  but 
under  the  influence  of  magnetism  they  are  compelled  to  take  up 
a  certain  definite  direction,  the  magnet  being  the  fixed  point, 
the  fluid  alone  moveable.  This  direction  we  are  inclined  to 
believe  is  horizontal^  not  vertical;  circulating  around  the  bar 
as  several  minute  circular  currents,  and  not  travelling  from 
the  circumference  of  the  solution  to  the  centre.  From  what 
we  have  observed  during  the  rise  and  progress  of  the  rotation^ 
it  would  appear  to  arise  around  the  surface  of  the  pole  in  the 
first  instance,  and  gradually  to  extend  in  the  fluid ;  the  action 
which  gives  origin  to  the  rotation  may,  and  no  doubt  is,  con- 
fined to  the  surface  of  the  pole,  but  the  influence  may  be  felt 
at  some  distance,  the  outer  portion  of  the  fluid  being  inert  as 
far  as  the  production  of  the  rotation.  The  rotation  ceasing 
when  the  gas  is  evolved  too  rapidly  from  the  surface  of  the  bar, 
would  tend  to  confirm  this  view  ;  for  in  these  instances,  from 
the  evolution  of  the  gas,  these  molecular  currents  become  ver- 
tical, as  in  ordinary  cases ;  and  it  is  only  when  the  power  of  the 
magnet  is  sufficiently  felt,  as  appears  to  have  been  the  case  in 
Professor  Grove's  experiments,  that  they  are  compelled  to  take 
up  the  horizontal  direction;  hence  the  rotation.  In  our  en- 
deavours to  obtain  the  rotation^  by  placing  the  magnet  in  the 
horizontal  position,  we  for  a  long  time  failed,  but  have  at  last 
succeeded  in  obtaining  it  with  the  cupreous  solution.  The 
greatest  care  is  requisite  in  preventing  the  fluid  from  escaping 
from  the  vessel,  otherwise  the  slightest  flow  of  liquid  will  pre- 
vent the  rotation  from  occurring.     When  hydrogen  gas  was 
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eyolved  from  the  surface  of  the  bar,  it  usaally  adhered  to  its 
under  surface,  and  at  present  we  have  not  been  able  to  obtain 
the  rotation  when  employing  acid  solutions.  Terrestrial  mag- 
netism may  have  some  influence  in  these  experiments. 

There  are  one  or  two  circumstances  we  may  just  allude  to : 
the  particles  that  are  seen  floating  in  the  fluid  show  no  ten- 
dency during  rotation  to  go  either  from  or  to  the  centre,  they 
always  appear  to  keep  in  the  same  relatiye  position  ;  and  the 
direction  of  the  rotation  (when  once  it  was  firmly  estab- 
lished), was  almost  immediately  changed  on  reversing  the 
poles.  Time,  it  would  appear,  was  not  required  to  enable  the 
fluid  to  undergo  any  peculiar  change. 

We  have  not  as  yet  been  able  to  obtain  a  rotation  in  the 
reverse  direction,  viz.,  under  the  supposition  that  the  current 
travelled  from  the  pole  to  the  solution.  When  we  employed 
the  different  solutions  and  the  porous  septum,  we  had  this  ob- 
ject in  view,  but  have  hitherto  failed  in  obtaining  it.  In  some 
experiments  we  have  recently  undertaken,  and  in  which  we 
employed  a  metallic  ring  of  some  size,  so  as  to  contain  the 
solution,  and  covered  the  polar  end  of  the  bar  with  caoutchouc, 
so  as  to  prevent  any  chemical  action  from  occurring  upon  its 
surface,  we  have  obtained  some  evidence  of  a  rotatory  mo- 
tion of  the  fluid  within  the  cell,— being  the  reverse  of  that 
which  would  happen  when  the  chemical  action  occurred  upon 
the  external  surface,  the  magnetic  pole  being  within.  And 
in  reference  to  the  non-appearance  of  the  rotation  when  the 
solutions  alone  were  employed,  it  becomes  a  question  whether 
the  chemical  action  of  mere  combination  without  decomposi- 
tion,  if  such  an  effect  can  occur,  is  incapable  of  producing  a 
rotatory  motion ;  or  whether  it  requires  one  of  the  elements 
to  be  in  a  solid  condition,  so  as  to  act  as  a  conductor  to  the 
"  line  of  electro-dynamic  force.''  This  remains  to  be  decided 
by  future  experiments. 

Before  we  conclude  this  part  of  our  inquiry,  we  must  refer 
to  some  remarks  made  by  Professor  Grove  in  the  last  edition  of 
his  valuable  work,*  in  which  he  states,  "  that  when  substances 
are  undergoing  chemical  action,  and  a  magnet  is  brought 
near  them,  the  direction  or  lines  of  action  of  the  chemical 

*  On  the  Correlation  of  Pbyeical  Forcee,  3d  edit.,  1855. 
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force  will  be  changed."  We  are  not  aware  that  Professor 
Grove  has  published  any  experiments  in  support  of  this  view 
beyond  those  we  have  already  related. 

§  II.  Does  Magnetism  (in  its  static  or  quiescent  condition)  increase 

Chemical  Action  ? 

That  magnetism  possesses  some  inflaence  over  chemical 
action  has  been  long  believed ;  and  in  Professor  Wartmann*s* 
valuable  paper  will  be  found  a  long  list  of  authors  who  have 
treated  of  the  subject,  together  with  a  reference  to  their  re- 
spective publications. 

Professor  Wartmann  placed  a  voltameter,  in  which  some 
acidulated  water  was  electrolyzed,  between  the  poles  of  a  power- 
ful electro-magnet,  but  whatever  the  direction  and  intensity 
of  the  magnetism  engendered,  and  whatever  the  position  of 
the  voltameter,  within  or  without  the  polar  arms,  the  volume 
of  gas,  he  states,  remained  the  same.  He  also  adds  that  Pro- 
fessor Gfrove  has  been  led  to  similar  results. 

By  placing  cylinders  of  soft  iron  in  vessels  containing  sul- 
phate of  copper,  converting  them  into  temporary  magnets,  and 
then  passing  a  current  so  as  to  decompose  the  solution,  in 
whatever  position  in  reference  to  the  magnetic  meridian  these 
poles  were  placed.  Professor  Wartmann  could  detect  no  dif- 
ference as  to  the  quantity  of  copper  deposited  upon  the  cylin- 
ders. 

Matteuccit  has  performed  experiments  in  some  respects 
similar  to  those  of  Professor  Wartmann,  viz.,  submitting  an 
electrolyte,  when  traversed  by  a  current,  to  the  influence 
of  a  magnet ;  the  results  were  also  of  a  negative  cha- 
racter. 

Hunt,|  by  magnetizing  an  iron  wire  when  formed  in  a  cir- 
cuit, and  acted  upon  by  an  electrolyte,  could  not  obtain  any 
increase  or  decrease  in  the  resulting  current  which  could  in 
any  way  be  referred  to  the  influence  of  magnetism. 

In  the  majority  of  Professor  Wartmann's  experiments  the 
chemical  action,  it  will  be  observed,  was  excited  by  the  elec- 

*  Loe.  fiit.  t  Bib.  Univ.,  t.  xxlii.,  p.  192.     1853. 

\  Phil.  Mag.,  April  1848,  p.  252. 
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trie  current ;  now  it  is  well  known  that  if  any  -circumstance 
should  occur  to  affect  the  chemical  action  in  one  ceU,  the 
same  influence  would  be  felt  throughout  the  whole  of  the  cir- 
cuit ;  hence  arises  an  objection  to  this  mode  of  proceeding. 
These  remarks,  however,  cannot  applj  to  those  experiments 
in  which  he  employed  the  voltameter. 

In  the  following  experiments  we  refrained  from  using  the 
electric  current  as  the  exciter  of  chemical  action,  and  em* 
ployed  the  osmometer  as  the  measurer  of  the  chemical  effect. 
The  eUetrO'magnet  employed  was  that  belonging,  to  Professor 
Wheatstone.  It  is  of  the  horse-shoe  shape,  consisting  of  a 
square  bar  of  iron,  each  pole  presenting  a  square  surface  two 
inches  wide,  four  inches  broad,  and  the  space  between  the  two 
poles  is  five  inches.  The  coil  of  wire  extends  eleven  inches 
up  each  arm,  and  within  three-quarters  of  an  inch  from  the 
top  or  end  of  the  pole ;  the  thickness  of  the  coil  being  three* 
quarters  of  an  inch,  and  composed  of  six  separate  wires. 

Two  osmometers  were  employed,  and  as  far  as  possible 
identical,  each  consisting  of  an  expanded  bell- shaped  glass 
vessel,  an  inch  and  a-half  in  diameter,  an  inch  in  depth  at  the 
centre,  and  capable  of  holding  one  ounce  of  fluid.  The  tube 
was  one-eighth  of  an  inch  in  internal  diameter,  roughly  gra< 
duated,  and  twelve  inches  in  length.  The  septum  consisted 
of  animal  membrane  tied  tightly  over  the  mouth.  The  jar 
containing  the  distilled  water,  or  any  other  solution  in  which 
the  osmometer  was  placed,  was  three  inches  in  diameter  and 
six  inches  deep,  capable  of  holding  twenty-two  ounces  of  fluid. 

To  concentrate  the  line  of  magnetic  force  upon  the  osmo- 
meter two  moveable  poles  were  employed,  each  of  soft  iron 
two  inches  broad,  two  inches  deep,  and  four  inches  and  a-half 
long. 

The  hattery  usually  employed  consisted  of  six  of  Grove's 
cells,  middling  size,  and  occasionally  twelve  of  Daniell's  cells 
were  added. 

We  must  refer  to  Professor  Graham's  *  valuable  paper  on 

*  Phfl,  Trans.,  1854.  We  soon»  however,  foand  that  the  cleanlinen  of  the 
tube  internally  was  of  the  ntmost  importance.  It  was  always  moistened  with 
the  same  eolation  as  that  in  the  bulb,  by  passing  some  of  the  solution  through 
it  preyions  to  every  experiment. 
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Osmotic  Force  for  further  particulars  in  reference  to  the 
precautions  necessary  to  be  observed  in  judging  of  an  osmotic 
result ;  and  as  our  object  on  the  present  occasion  was  not  to 
study  the  phenomena  of  osmose  in  all  its  particulars,  but 
merely  as  a  meaBorer  of  the  chemical  effects,  we  selected,  in 
the  first  instance,  those  solutions  only  for  experiment  which 
appeared  to  present  the  greatest  osmotic  actiyity,  such  as  the 
dilute  solutions.  For  the  purpose  of  ascertaining  whether  the 
line  of  magnetic  force  would  influence  the  osmotic  action^  we 
employed  the  flat  osmometer,  haying  only  one  side,  instead  of 
the  circular  porous  earthenware  jar,  as  employed  by  Professor 
Graham  in  some  of  his  experiments,  so  that  the  line  of  osmotic 
action  should  have  a  constant  and  definite  relation  to  the  line 
of  magnetic  action. 

The  membrane  used  in  each  osmometer  was  as  far  as  pos- 
sible identical,  being  taken  ofi*  the  same  portion  of  gut,  and 
soaked  in  the  same  water  (which  was  changed  once  or  twice), 
for  twelve  hours  previous  to  being  tied  over  the  osmometer. 
Care  was  also  taken  to  have  the  same  surfaces  exposed  to  the 
same  solution. 

The  solution  at  first  employed  consisted  of  one  drachm  of 
liq.  potassae  to  eight  ounces  of  distilled  water.  With  this  solu- 
tion in  the  osmometer,  and  distilled  water  in  the  external  glass 
jar,  the  osmose  presented  sufiicient  activity  for  our  present 
purpose.  The  osmometer  was  suspended  in  the  centre  of  the 
glass  jar  by  means  of  strings,  and  the  septum  kept  within  the 
centre  of  the  line  of  magnetic  force ;  the  two  moveable  poles 
being  in  contact  with  the  glass  jar,  but  kept  from  pressing  too 
tightly  upon  its  sides  by  means  of  wedges  of  wood.  The  other 
osmometer  was  prepared  in  the  same  manner,  but  kept  out  of 
the  influence  of  the  magnet. 

It  would  be  tedious,  and  moreover  useless,  to  describe  the 
numerous  experiments  that  were  undertaken  and  the  results 
that  were  obtained,  sometimes  in  favour  of,  and  at  other 
times  oppose.d  to,  the  conclusion  that  the  result  was  in  any  way 
dependent  upon  the  influence  of  magnetism.  It  is  impossible 
to  obtain  two  osmometers  that  would  indicate  identical  results, 
and  the  want  of  a  standard  osmometer  was  sadly  and  early 
felt.    We  employed  different  acid  solutions  to' obtain  negative 
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osmose.  In  8om6  experiments  an  add  solution  was  employed 
on  one  side,  and  an  alkaline  solution  on  the  other;  and  although 
the  result  of  the  experiment  might  appear  at  one  time  in  favour 
of  the  osmometer  placed  in  the  magnetic  fields  neyertheless, 
upon  carefully  repeating  the  experiment,  it  ultimately  mnished. 
We,  however,  ascertained  the  following  important  fact  in  re* 
ference  to  osmose :  Thinking  that  ihe  position  of  the  septum  in 
regard  to  the  line  of  magnetic  force  might  have  some  influence, 
and  especially  so  since,  in  the  experiments  related  in  the  pre- 
vious section,  the  rotation  occurred  upon  the  surface  of  the 
magnet,  we  bent  the  tube  of  the  osmometer  so  as  to  place  the 
septum  either  vertical  ov  horizontal^  looking  upwards,  and  not, 
as  in  ordinary  osmotic  experiments,  looking  downwards,  and 
placed  the  septum  sometimes  just  outside  of  the  field  of  force. 
In  our  first  experiments  we  were  frequently  led  to  believe  that 
we  had  obtained  some  decided  results,  but  they  were  ultimately 
explained  away  by  considering  that  as  the  chemical  action  upon 
the  membrane  might  occur,  and  be  confined  either  to  one  side 
or  the  other,  so  would  the  position  of  the  membrane  enable  the 
compound  thus  formed  to  separate  and  fall  down,  and  so  become 
more  readily  diffused  in  the  liquids,  allowing  fresh  particles  to 
come  into  contact  with  the  membranes  to  keep  up  the  chemical 
action,  and  increase  the  osmotic  action.  As  the  effects  occurred 
in  both  osmometers,  we  at  first  conjectured  that  terrestrial  mag-* 
netism  might  have  had  some  influence  over  the  osmometer, 
which  was  not  exposed  to  the  influence  of  the  magnet.* 

It  may,  however,  be  urged,  that  in  these  experiments  we 
have  been  confounding  osmotic  action  with  chemical  action, 
and  that  although  the  former  is  greatly  dependent  upon  the 
latter,  nevertheless  other  circumstances  are  influential  in  pro* 
ducing  osmose  besides  chemical  action,  and  consequently  we 
have  not  been  dealing  with  a  pure  case  of  chemical  action. 

*  Professor  Graham,  in  hii  first  series  of  ezperimeots  (lot,  eit.),  need  a  poroas 
circalar  jar  for  the  osmometer^  and  in  some  of  his  sabsequent  experiments  ani- 
mal membrane.  The  earthenware  osmometer  was  vertical,  the  other  korixontalf 
and  he  appears  to  have  obtained  some  results  when  using  the  former,  which 
seem  irreconcilable  with  those  that  he  obtained  when  employing  the  latter.  We 
may  point  oat  the  binozalate  of  potash  and  the  sulphnric  acid  solutions  as  ex- 
amples. May  not  the  poritum  of  the  septum  have  had  some  influence  in  pro- 
ducing these  apparently  contradictory  results  ? 

>^St  Li'-.::/;/,^ 
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To  remore  to  a  certain  extent  some  of  these  objections, 
although  they  may  still  be  urged»  we  used  other  septa,  formed 
of  coarse  thick  calico  or  of  sail-cloth,  and  repeated  these  ex- 
periments. In  these  instances  the  osmotic  action  was  not  so 
great  as.with  the  animal  membrane ;  in  some  instances  it  did 
not  occur  as  it  would  have  done  with  the  membrane,  but  the 
variations  were  not  so  great ;  nevertheless,  upon  placing  dif- 
ferent solutions  in  the  osmometer  and  in  the  glass  jar,  we 
could  not  obtain  any  result  indicative  of  magnetic  influence. 

Similar  experiments  were  undertaken  with  the  large  magnet 
belonging  to  the  Royal  Society.  The  magnet  is  composed  of 
four  hundred  and  fifty  bar-magnets,  each  fifteen  inches  long, 
one  inch  wide,  and  half  an  inch  thick,  arranged  in  a  box  so 
as  to  present  at  one  of  its  extremities  two  external  polesj 
These  poles  projected  vertically  six  inches  from  the  box,  were 
twelve  inches  broad,  and  three  inches  wide.  They  were  nine 
inches  apart.  We  thus  had  a  field  of  constant  force.*  To 
concentrate  the  magnetic  force  we  had  two  soft  iron  bars, 
each  two  inches  and  a-half  broad,  two  inches  thick,  and 
twelve  inches  long.  These  were  secured  by  means  of  strings 
or  wedges  to  the  extremities  of  the  poles. 

In  this  magnetic  field  we  could  place  four  osmometers, 
either  with  their  septa  all  in  the  same  position,  or  directed  in 
four  different  positions  in  reference  to  the  line  of  magnetic 
force.  Great  irregularity  appeared  in  the  results,  even  when 
the  septa  were  all  in  the  same  position ;  the  most  constant 
results  appeared  when  the  septa  were  vertical.  It  will  be 
unnecessary  to  detail  the  experiments,  for  in  whatever  posi- 
tion the  septa  were  placed  in  regard  to  the  line  of  magnetic 
force^  whether  in  the  centre  of  the  field  or  on  the  outside^ 
and  whatever  solutions  were  employed,  the  results  were 
similar  to  those  we  had  previously  obtained  with  the  elec- 

*  According  to  Faraday  (Exp.  Res.,  vol.  i.  p.  12)  thif  magnet,  when  at 
Woolwich  in  the  charge  of  Mr  Christie,  woald  sapport  a  force  of  nearly  one 
hundred  pounds.  Qpon  trying  its  power  when  it  first  came  into  our  poeses* 
sion,  it  would  not  support  a  weight  of  thirty  pounds.  This  loss  of  power  we 
attributed  to  the  circumstance  that  the  contacts  between  the  rarious  poles 
might  haye  been  greatly  deranged  during  the  conveyance  of  the  magnet  from 
one  place  to  another. 
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tro-magnet.  Tubes  with  larger  bores  were  employed,  and  the 
osmometers  allowed  to  remain  for  eighteen  hours  in  the  mag- 
netic fluid,  other  similar  osmometers  being  out  of  the  influ- 
ence of  the  magnet,  yet  we  could  not  detect  any  difference 
either  as  to  the  rapidity  of  osmotic  action,  or  even  in  its 
amount^  indicative  of  magnetic  influence.  Differences  were 
frequently  observed,  but  these  would  occur  whether  the  osmo- 
meters were  in  the  magnetic  field  or  out  of  it. 

From  the  results  of  the  experiments  that  we  have  related  in 
the  previous  section,  it  was  reasonable  to  suppose  that  if  the 
influence  of  magnetism  was  such  as  to  produce  motion  of  a 
mass  of  fluid,  the  power  thus  called  into  action  might  produce 
some,  if  not  primary,  at  least  secondary  effect  upon  the  result- 
ing chemical  action,  perhaps  increasing  it  by  the  removal  of 
the  compounds  formed  at  the  place  of  action,  allowing  fresh 
particles  to  come  into  play. 

We  were  now  led  to  the  following  experiments : 
Two  osmometers  were  formed  in  the  following  manner  :-^ 
a  cylindrical  porous  jar,  one  inch  and  a  quarter  in  internal 
diameter,  three  inches  and  a  half  in  depth,  capable  of  con- 
taining two  ounces  of  fluid,  was  fitted,  by  means  of  a  cork, 
into  the  mouth  of  a  glass  jar,  and  made  water-tight.  The 
size  of  the  glass  jar  was  two  inches  and  a  quarter  in  in- 
ternal diameter,  five  inches  deep,  and  capable  of  holding  about 
eleven  ounces  of  ^uid ;  but  when  the  porous  jar  was  fixed  into 
it,  it  was  then  capable  of  holding  about  nine  ounces  of  fluid. 
A  narrow  graduated  glass  tube  was  fitted,  by  means  of  a 
cork,  into  the  bottom  of  the  glass  jar,  the  tube  being  bent  at 
right  angles ;  it  was  at  this  aperture  that  the  osmometers  were 
filled.  The  osmometer,  thus  arranged,  was  placed  in  a  large 
glass  jar,  containing  water  or  any  other  solution,  the  osmome- 
ter being  entirely  covered  with  the  solution.  One  extremity 
of  the  bar  of  the  electro-magnet  was  placed  in  the  porous  jar, 
as  in  former  experiments,  and,  when  acids  were  used,  covered 
over  with  a  cap  of  caoutchouc.  The  other  osmometer  was  used 
in  the  same  manner,  having  a  similar  iron  bar  placed  in  it, 
but  unmagnetized.  Even  in  this  form  of  the  experiment  we 
have  not  been  able  to  obtain  any  result  indicative  of  the  in- 
fiuence  of  magnetism  (in  its  static  condition)  over  osmose ; 
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there  was  no  increase  or  decrease  in  the  osmometer  contain- 
ing  the  magnetized  pole  compared  to  that  which  contained 
the  unmagnetized  bar,  or  even  without  the  bar.  Variations  iL 
the  osmotic  result  were  frequently  obtained,  but  they  were 
similar  to  those  which  occurred  when  no  magnet  was  employed, 
and  such  as  we  had  already  observed  in  former  experiments. 

These  experiments  having  failed  to  give  us  any  evidence 
that  magnetism  (in  its  static  or  quiescent  condition)  increases 
chemical  action,  confirming, therefore,  the  results  of  Wartmann, 
Grove,  Matteucci,  and  perhaps  others,  it  can  scarcely  be  sup- 
posed that  magnetism,  under  the  same  conditions,  would  excite 
or  originate  chemical  action ;  but  as  experiments  have  been 
undertaken  for  the  purpose  of  solving  this  question,  we  shall, 
in  order  to  complete  the  subject  of  our  inquiry,  briefly  refer  to 
them. 

§   III.  Does  Magnetism  (in  its  static  or  quiescent  conditum)  excite 

or  originate  Chemical  Action, 

"No  attempt,"  says  Faraday,*  "to  separate  the  perfectly 
mixed  particles  of  any  different  substances  has  ever  succeeded, 
though  made  with  most  powerful  magnets.  Oxygen  and  nitro- 
gen differ  exceedingly,  yet  no  appearance  of  the  least  degree  of 
separation  occurred  in  very  powerful  magnetic  fields.  In  other 
experiments  I  have  inclosed  a  dilute  solution  of  sulphate  of 
iron  in  a  tube,  and  placed  the  lower  end  of  the  tube  between 
the  poles  of  a  powerful  horse-shoe  magnet,  for  days  together, 
in  a  place  of  perfectly  uniform  temperature,  and  yet  without 
the  least  appearance  of  any  concentration  of  the  solution  in 
that  end  which  might  indicate  a  tendency  in  the  particles  to 
separate." 

The  following  general  conclusions  may  be  deduced  from  the 
foregoing  investigations :— - 

First,  That  Magnetism  (in  its  static  or  quiescent  condition)^ 
does  not  excite  or  originate  chemical  action. 

Second,  That  when  substances  undergoing  chemical  action 
are  submitted  to^the  influence  of  magnetism  (in  its  static  or 

*  Paraday'a  Experimental  Researches.  ;S^«rt««  zzv.,  par,  2767.  Phil. 
Traas.  1861. 
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quiescent  condition)  no  increase  in  the  cJiemical  action  is 
observed ;  but  that, 

Thirdy  Under  certain  conditions  during  chemical  action, 
the  influence  of  magnetism  is  such  as  to  indicate  a  directive 
influence  oyer  chemical  action ;  this  influence  being  shown  by 
a  rotatory  motion  of  the  fluid  around  the  pole  of  the  magnet. 

Fourth^  That  it  is  not  necessary  for  the  production  of 
this  rotatory  motion,  that  the  solution  should  act  chemically 
upon  the  iron  bar  forming  the  pole ;  for,  if  the  pole  be  sur- 
rounded by  a  metal  ring,  the  rotation  occurs,  provided  the 
solution  is  capable  of  acting  chemically  upon  this  metal  ring. 

Fifths  That  the  infliience  of  the  magneto  as  well  as  the 
eanstence  of  the  chemical  action,  and  its  continuation,  are 
essential  for  the  production  of  this  rotation  ;  and, 

Sixth,  That  the  direction  of  the  rotation  is  dependent  upon 
the  poles  of  the  magnet,  being  contrary  for  each  pole. 


ConiribuHonB  to  Ornithology.    By  Sir  W.  Jardine,  Bart. 

No,  IV. 

Another  small  ornithological  collection  from  the  western 
slope  of  the  Andes  has  arrived  from  Professor  William  Jame- 
son of  Quito.  A  second  specimen  of  Saltator  arremonope 
has  been  received ;  and  Tetragonops  ramphastinus  has  again 
also  been  obtained,  although  not  in  time  to  accompany  the 
birds  now  sent.  This  last  bird  "  inhabits  the  deep  recesses  of 
the  forests  on  the  western  flank  of  the  Cordillera.  It  utters 
a  loud  note,  the  sound  of  which  resembles  the  baying  of  a 
deer-hound;  hence  ^Venadero^  (a  deer  hound),  the  name 
by  which  it  is  known  to  the  natives.  From  the  echoing  sound, 
one  would  imagine  that  it  proceeded  from  a  bird  of  much 
larger  size." 

Among  the  birds  which  we  have  not  previously  received 
from  the  western  side  of  the  Quitan  Andes  are  one  or  two  of 
some  interest. 

Thamnophilus  immaculatua  (Lafresn.) — ^A  specimen  of  a 
Thamnophilus  occurs  closely  allied  to  the  bird  described  by 
Mr  Sclater  (Ed.  New  Phil.  Jour.  i.  p.  249)  under  the  above 

x2 
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name.  The  carpal  joint  of  the  wing  has  a  patch  of  white, 
there  described,  formed  partly  by  some  of  the  lesser  wing- 
covers  being  white  at  the  base,  and  by  the  feathers  which 
spring  from  the  body  immediately  at  the  insertion  of  the 
wings  having  similar  markings.  The  dimensions  of  oar  spe* 
cimen  also  correspond  nearly;  and  although  the  length 
appears  greater,  it  cannot  be  depended  on  in  a  skin,  and  we 
could  not  venture  to  place  the  two  birds  as  distinct  without  a 
comparison.  Length  of  the  skin,  7'6 ;  wing,  3*3 ;  bill  to  ex* 
tremity  of  rectus,  12, 

Momotus  semirufus  (Sclater) ;  Rev.  and  Mag.  d^  ZooL^ 
p.  489,  1853. — A  rare  species  of  Momot  belongs  to  the  group, 
which  have  no  ornament  or  bright  colouring  upon  the  head ; 
and  is  at  once  distinguished  from  the  other  brown-headed 
birds,  by  the  entire  head,  nape,  sides  of  the  neck,  chin,  throat, 
breast,  and  belly,  being  clear  and  bright  sienna,  interrupted 
only  by  the  deep  black  of  the  auricular  feathers,  the  latter 
colour  stretching  also  in  front  of  the  eye  to  the  nostrils  (but 
without  forming  any  frontal  band),  and  at  the  lower  part  on 
the  base  of  the  mandible ;  both  eyelids  are  black.  The  other 
upper  parts  of  the  plumage  are  of  the  usual  yellowish-green  ; 
the  outer  webs  of  the  black  quills  bright  blue  ;  the  vent  and 
under-tail  coverts  bluish-green.  Length,  17 ;  wings,  5*8 ;  bill, 
to  extremity  of  gape,  2  2.  The  edges  of  the  mandibles  broken, 
but  not  regularly  notched. 

Mr  Gould  possesses  another  skin,  marked  "  Quito,"  obtained 
from  a  collection  in  that  country,  and  in  all  probability  pro- 
cured not  near  Quito,  but  from  the  same  locality  with  our 
own. 

There  is  a  specimen  of  the  very  beautiful  and  curious  form, 
Eurypyga.  It  is  from  the  forests  on  the  same  western  flank 
of  the  Andes,  where  it  builds  on  trees  by  the  sides  of  the 
mountain  rivers.  The  young  has  the  nestling  plumage  of  the 
rails,  but  appears  very  soon  to  assume  the  painted  markings  of 
the  adult.  From  the  structure  of  the  plumage  in  this  state  we 
would  judge  that  the  young  were  capable  of  running  and 
making  their  own  way  immediately  after  batching ;  but  we 
hope  ere  long  to  have  a  satisfactory  account  of  their  habits  and 
incubation. 
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'  The  nest  of  TrocMlue  gigae  is  a  much  more  solid  structure 
than  that  of  the  humming-birds  generally,  though  these  birds 
commonly  collect  and  gather  together  a  mass  of  materials  very 
large  in  comparison  to  their  size  and  strength.  The  diameter 
of  the  nest  is  a  little  above  three  inches,  its  solid  perpen- 
dicular height  about  four.  The  base  is  strongly  compacted 
together,  and  strengthened  with  clay,  so  as  to  be  of  a  weight 
that  will  require  more  than  the  usual  support.  The  upper  or 
nest  portion  is  composed  of  fine  mosses,  bound  and  felted  to- 
gether with  the  woolly  fibres  taken  from  some  of  the  down- 
covered  plants  which  are  not  uncommon  in  these  regions.  It 
is  altogether  a  solid  and  warm  structure. 


Correlation  of  the  Triassic  Rocks  in  the  Vale  of  Worcester^ 

and  at  the  Malvern  Tunnel.  By  the  Rev.  W.  S.  Symonds, 
F.G.S. 

1.  Upper  Grey  Red  Marls, 

2.  Keuper  Sandstone,  1  v-  m 

3.  Lower  Red  Marls,  i  Jienper. 

4.  Waterstones,  ^ 


5.  Upper  Red  Sandstone  (Bromesberrow  Beds), 

6,  Lower  Red  Sandstone  (Red  Rock  of  Mai-  ^  Banter. 

▼em), 


4 


The  above  represents  the  order  of  the  triassic  rocks  in  the 
valley  of  the  Severn,  in  the  Malvern  and  Worcester  districts, 
now  rendered  especially  interesting  by  the  escarpments  laid 
open  in  the  tunnel  of  the  Worcester  and  Hereford  railroad, 
near  the  "  Admiral  Benbow,"  at  Malvern  Wells. 

No.  6.  Lower  Red  Sandstone, — During  the  excavations  for 
the  foundation  of  the  residence  of  the  Messrs  Burrow,  near  the 
Bellevue  Hotel,  at  Great  Malvern,  a  dark  red  sandstone,  with 
black  markings  of  the  protoxide  of  manganese,  was  exposed, 
resting  against  the  syenite  of  the  hill,  covered  up  by  a  thick 
accumulation  of  debris,  and  dipping  at  an  angle  of  60°  to  the 
south-east.  A  remarkable  erratic  block,  weighing  some  hun- 
dreds of  pounds,  angular  at  the  edges,  and  with  no  sign  of  sub* 
aqueous  action,  was  found  imbedded  in  the  mass  of  red  sand- 
stone.   This  block  consists  of  the  same  '*  Cambrian  '*  rock  as 
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the  angular  Permian  breccias  of  Haffield  Camp,  and  thus  fa- 
vours the  Permian  glacial  theory  of  Professor  Bamsay.  The  red 
sandstone,  thus  curiously  exposed  at  a  considerable  elevation, 
and  flanking  the  Plutonic  chain  of  the  Malvems,  differs  con- 
siderably in  mineral  character  both  from  the  "  Waterstones  " 
and  the  Bromcsberrow  beds ;  I  am  therefore  inclined  to  place 
it  with  the  ''  Lower  Sed  Sandstones  "  of  the  geological  sur- 
veyors, "which  are  developed  higher  up  the  Severn  valley 
in  the  Stourport  district.  However  this  may  be,  the  posi- 
tion of  this  red  rock,  when  compared  with  the  position  of  the 
Upper  Keupers  in  the  Malvern  tunnel,  is  very  striking,  as 
proving  a  considerable  elevation  of  the  Plutonic  and  Syenitic 
range,  between  the  deposition  of  the  Lower  Red  Sandstone 
(No.  6)  and  the  deposition  of  the  Upper  Keiiper  Marls  (No.  1). 
No.  5.  Upper  Bed  Sandstone  (Bromcsberrow  Beds). — In 
the  Malvern  district,  the  Permian  breccias  are  covered  up  by 
a  soft  red  sandstone,  well  displayed  in  the  parish  of  Bromcs- 
berrow, at  the  southern  extremity  of  the  range.  It  is  neces- 
sary to  warn  the  geologist  against  confounding  these  beds 
with  the  "  Newent  sandstones,"  or  "  Waterstones,"  of  the  geo- 
logical surveyors.  They  arc  a  lower  series  of  strata,  as  may 
be  seen  on  working  out  one  or  two  puzzling  secfcions  between 
the  valley  of  the  White-leaved  oak  and  HafSeld  Camp,  at 
the  southern  extremity  of  the  Malvern  range.  The  relation 
of  these  beds  with  the  "Waterstones"  may  also  be  seen  at 
Blakedon  Hill,  near  Leamington,  as  described  by  SirR.  Mur- 
chison  and  Mr  Strickland ;  and  they  are  exposed  at  the  base 
of  the  Grinshill  quarries,  eight  miles  from  Shrewsbury. 

No.  4.  Waterstones  (Newent  Sandstones). — An  interesting 
MORSELof  these  depositsflanks  the  Chase  End  Hill  of  the  southern 
Malverns,  at  the  back  of  the  Hawthorns,  on  the  Bromcsberrow 
road.  The  working  out  of  the  relation  of  these  rocks  with 
the  Lower  Keiiper  marls  and  the  Bromcsberrow  sandstone  re- 
quires some  care,  and  may  be  best  carried  out  at  this  point ; 
^  and  again,  along  the  Glynch  brook,  for  the  fault  from  Bromes- 
berrow  below  Red  Marley  is  extremely  puzzling.  The  lower 
"  Waterstones"  are  well  developed  in  the  neighbourhood  of 
Red  Marley  D' Abitot,  Pauntley,  Oxenhall,  and  Newent.  The 
upper  strata  are  orey  sandstones,  passing  into  yellowish-re(i 
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beds;  the  lower  beds  are  exposed  in  most  of  the  narrow 
lanes  of  the  Red  Marley  and  Newent  Ryeland  district,  but  the 
upper  grey  beds  are  mostly  denuded.  An  outlier,  however, 
is  still  left  near  the  church  of  Red  Marley  B'Abitot,  and  the 
church  was  rebuilt  in  1855  with  excellent  stone  from  the 
quarries  near.  These  grey  sandstones  are,  I  believe,  the  equi- 
valents of  the  celebrated  Grinshill  sandstones,  and  the  grey, 
beds  of  Ombersley  and  Bell  Broughton  in  this  county.  I 
visited  the  Grinshill  district  last  autumn,  under  the  guidance 
of  the  well-known  naturalist,  Mr  Eyton  of  Eyton  Hall,  who 
directed  my  attention  to  a  small  trap  dyke  which  alters  the 
Waterstones  in  contact  into  a  quartzite  rock.  We  saw  an  in- 
teresting specimen  of  the  "  RhynchosaurUs"  in  the  possession 
of  a  shopkeeper,  who  refused  to  part  with  it.  Many  of  the 
slabs  were  ripple-marked,  and  retained  the  impression  of  rain- 
drops on  their  surfaces.  It  was  interesting  to  find  my  Red 
Marley  friends  so  persistent  in  lithological  character,  yet  so 
wonderfully  increased  in  importance  and  development. 

No  3.  Lower  Red  Marls. — These  marls  are  principally  re- 
markable for  their  salt  springs  worked  at  Droitwich  and  Stoke 
Prior,  where  they  have  been  penetrated  to  the  depth  of  600 
feet.  They  are  seen  to  dip  under  the  Keiiper  sandstone  at 
many  localities  east  of  the  Malvems.  In  the  railroad  tunnel 
they  rest  against  the  Syenite,  and  dip  at  an  angle  of  dS''  to  the 
south-east.  At  the  point  of  contact  they  are  much  crushed 
and  broken,  but  without  a  symptom  of  metamorphism  ;  in  some 
places  they  are  arched  and  contorted,  and  must  have  been  in 
a  plastic  state  when  upheaved.  Only  a  few  feet  of  these  lower 
marls  are  elevated  and  exposed.  A  brine  spring  was  lately 
tapped  at  the  Asylum  near  Powick,  four  miles  from  Worces- 
ter, proving  the  extension  of  the  salt*. 

No.  2.  Keiiper  Sandstone. — These  grey  sandstones  have  also 
been  cut  into,  they  dip  away  from  the  Syenite,  resting  against 
the  lower  marls,  at  an  angle  of  50^  and  are  identical  in  mine- 
ralogical  character  with  the  Keiiper  sandstones  of  Burghill, 
Longdon  and  Pendock ;  they  are  succeeded  by  the  upper  grey 
and  red  marls. 

JVo.l.  Upper  Or  ey  and  Red  Marls* — These  beds  afford  espe- 
cial interest  in  the  section  of  the  Malvern  tunnel.    At  the  mouth 
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of  the  present  opening  thej  exhibit  nearly  horizontal  layers  of 
strata  covered  by  Malvern  syenitic  debris ;  allowing  for  a 
slight  dip,  they  correspond  with  the  plane  of  the  upper 
marls  of  Crowle,  the  Berrowhill,  Samhill,  and  other  rounded 
outliers  of  the  vale,  but  on  proceeding  up  the  tunnel  a  grand 
fault  is  exhibited,  for  many  feet  of  red  and  grey  strata  that 
graduate  towards  the  Keiiper  sandstones  exhibit  the  high  dip 
of  the  lower  beds,  thus  proving  to  an  extreme  exactitude  one  pe- 
riod of  an  elevation  of  the  syenitic  ridge.  A  little  beyond  the 
tunnel  mouth  the  upper  marls  are  cut  off  by  denudation. 

It  is  impossible  to  study  the  sections  displayed  in  the  works 
of  the  tunnel  without  reflecting  on  the  truthfulness  of  former 
geological  theories  entertained  by  our  most  distinguished  geo- 
logists, as  respects  the  history  of  the  deposition  of  our  Triassic 
rocks,  and  the  periodical  and  gradual  upheaval  of  the  Mal- 
vern range. 


On  some  Species  of  Corals  in  the  Lias  of  Oloucestershire, 
Worcestershire,  Warwickshire,  and  Scotland.  By  the 
Rev.  P.  B.  Brodie,  M.A.,  F.G.S.,  Vice-President  of  the 
Warwickshire  Naturalists'  Field  Club,  Hon.  Secretary  and 
Hon.  Geological  Curator  of  the  Warwickshire  Natural 
History  and  Archaeological  Society. 

My  object  in  the  present  paper  is  not  to  attempt  a  scientific 
description  of  the  Liassic  corals,  which  I  hope,  may  be  done 
by  some  palaeontologist  better  acquainted  with  them,  but 
rather  to  note  the  discovery  of  some  species  which  appear  to 
be  new  in  the  Lias,  and  to  point  out  the  position  in  which  they 
occur.  Very  few  have  been  described  in  this  country,  and 
therefore  it  seemed  desirable  to  draw  the  attention  of  geolo- 
gists interested  in  the  subject  to  those  which  have  been  more 
recently  brought  to  light.  As  a  general  rule,  fossils  of  this 
kind  are  not  common  in  the  Lias,  the  sea  in  which  it  was  de- 
posited being  unfavourable  to  the  growth  of  polyparia,  though 
in  some  localities  they  are  not  so  scarce  as  has  been  generally 
supposed.  In  the  upper  Lias,  the  only  specimens  with  which 
I  am  acquainted  are  the  Theeocyathus  Moorii  and  T.  primus, 
belonging  to  the  family  Turbilonidse.  found  by  my  friend  Mr 
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Moore  near  Ilmiiister,  and  figured  and  described  by  Milne* 
Edwards  and  Jules  Haime,  in  the  Memoirs  of  the  Palseonto- 
graphical  Society  for  1851,  and  also  a  small  undescribed 
species  of  Cyathophylluin,  and  a  Flustra  from  the  same  bed. 
Mrs  Hugh  Strickland  was  kind  enough  to  send  'me  a  sketch 
of  the  upper  portion  of  a  large  lamellated  coral,  found  by  my 
]ate  lamented  friend,  Mr  Hugh  Strickland,  in  the  Lias  marl- 
stone  at  Byfield,  in  Northamptonshire.     It  is  a  simple  turbi- 
nated coral,  probably  belonging  to  the  family  Fungidse.     In 
the  lower  Lias,  a  few  corals  have  been  met  with  in  the  clays 
and  shales  near  Cheltenham  (which  may  evidently  be  assigned 
to  the  genus  Montlivaltia),  in  the  same  bed  as  that  which 
contains  Pleurotomaria  Anglica  and  other  fossils.     I  found 
three  perfect  specimens,   though  of    small    size,   at  Down 
Hatherley,  between  Cheltenham  and  Gloucester.    A  similar 
genus  was  obtained  by  my  friend  Mr  Gavey,  at  Moreton  in 
the  Marsh,  and  another,  and  perhaps  a  different  species,  beauti- 
fully preserved,  occurs  in  the  same  beds  of  Lias  shale,  at 
Fenny  Compton,  in  Oxfordshire,  where  the  presence  of  a 
species  of  Turbinolia  ?  (probably  a  Montlivaltia)  is  noticed  by 
Conybeare  and  Phillips  in  their  "  Geology  of  England  and 
Wales."     Milne-Edwards,  in  the  monograph  on  fossil  corals 
above  referred  to,  speaks  of  the  cast  of  a  Montlivaltia  in  the 
lower  Lias  near  Bath,  in  the  collection  of  Mr  Walton.     All 
those  I  have  seen  of  this  genus  are  small,  round,  turbinated 
corals,  and  one  or  two  show  the  point  of  attachment.     They 
do  not  however,   appear  to  be  referable  to  more  than  two 
species,  and  single  individuals  are  not  abundant.     Through 
the  kindness  of  Miss  Slinger  of  Cheltenham,  I  fortunately  ob- 
tained another  small  coral,  which  I  take  to  be  a  species  of 
Turbinolia.     It  was  found  in  the  shales  of  the  lower  Lias,  with 
Spirifer  Walcotii,  and  other  shells,  and  it  has  a  minute  Flustra 
attached.     On  the  surface  of  the  blue  limestones,  containing 
Lima  ffigantea,  L.  rudisy  and  Ostrea^  I  detected  a  small 
coral,  distinct,  I  think,  from  the  rest,  and  identical,  possibly, 
with  a  smaller  one  in  the  cabinet  of  Mrs  Hugh  Strickland, 
from  the  lower  Lias  of  Abbott's  Wood,  in  Worcestershire.  There 
is  a  stony,  shelly  band  of  Lias,  seen  at  Down  Hatherley, 
Bushley,  and  other  places,  full  of  CareUnia  ovalis  and  C 
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Listeria  a  few  inches  thick,  which  contains  a  small  branching 
coral  in  some  numbers ;  unfortunately  the  surface  of  the  stone 
is  much  water-worn,  and  the  corals  are»  in  consequence,  con- 
siderably eroded. 

This  stratum  is  particularly  interesting,  from  the  occur- 
rence of  numerous  minute  Foraminifera,  which  have  every 
appearance  of  true  **  Nummulites,*^  described  by  Mr  Rupert 
Jones,  and  referred  to  by  myself  in  a  short  paper  "  On 
the  Lias  of  Fretherne  Cliff,  below  Gloucester,''  read  at  a  meet- 
ing of  the  Cotswold  Naturalists'  Club*  in  1853,  and  since 
published  in  Taylor's  "Annals  of  Natural  History."  Many 
other  fossils,  especially  a  variety  of  little  univalves,  are  asso- 
ciated with  them.  In  the  same  bed  at]Purton  Passage,  on  the 
opposite  side  of  the  Severn,  a  small  specimen  of  Isastrea  was 
obtained,  and  I  lately  procured  a  remarkably  fine  coral  of 
this  genus  from  the  equivalent  stratum  at  Inkberrow  in  Wor- 
cestershire,! where  the  Lias  joins  the  Keliper,  close  to  the  line 
of  fault  which  traverses  that  district.  Only  a  few  have  been 
met  with,  but  sufiScient  to  show  that  they  formed  part  of  a 
small  reef  of  Astreidae,  and  are  not  mere  isolated  individuals, 
as  most  of  the  Liassic  corals  seem  to  be.  They  were  found 
along  a  narrow  ridge  in  the  Cardinia  bed,  in  a  grass  meadow 
which  had  not  been  ploughed  up  for  many  years,  so  that  it 
was  impossible  to  detect  the  corals  in  situ^  though  there  can 
be  no  doubt  of  their  exact  position  ;  they  are  more  numerous 
than  in  any  other  locality,  except  perhaps  in  Scotland.  The 
specimen  in  my  possession  is  a -massive,  stony,  calcareous 
coral,  measuring  1  foot  5  inches  long,  and  5  inches  broad 
in  the  widest  part,  and  shows  the  upper  and  under  surface  in 
tolerable  perfection.  I  was  aware  of  the  existence  of  a  species 
of  Isastrea  in  the  Lias  several  years  ago,  as  a  few  have  been 
procured  from  a  clay-pit  near  Evesham,  about  10  miles  from 
Inkberrow.  They  were  stated  by  the  workmen  to  occur  at  the 
bottom  of  the  pit  in  the  clay,  40  feet  below  the  surface,  and 
not  exactly  in  the  same  position  as  those  at  the  latter  place. 
The  specimen  in  my  cabinet,  however,  belongs  to  the  same 

*  Proceedings  of  the  Cotswold  Naturalists'  Club,  vol.  i.,  p.  241. 

t  My  attention  was  first  drawn  to  this  locality  by  my  friend  Mr  Chattock,  on 

■lose  estate  the  corals  were  discovered. 
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fipecies  as  the  ones  found  at  Furton  and  Inkberrow,  and  is  a 
solid,  stony  mass,  but  much  better  preserved ;  in  some,  the 
cells  are  soft  and  crumbly,  and  not  at  all  solidified,  very  dif- 
ferent from  the  condition  of  the  majority  of  Isastrea.  In 
order  to  compare  this  species  with  the  one  found  at  Lustra,  in 
the  Isle  of  Skye,  I  obtained,  through  the  kindness  of  Mr 
Archibald  Geikie,  of  the  Scotch  Geological  Survey,  a  speci- 
men of  those  fine  corals  which  have  been  already  noticed  by 
Sir  R.  Murchison  and  the  late  Mr  Hugh  Miller,*  and  are  abun- 
dant there  in  the  lower  division  of  the  Lias.  Mr  Geikie  informs 
me  that  they  "  vary  considerably  in  size,  ranging  from  about 
three  or  four  inches  to  more  than  a  foot  in  length.  They  are 
generally  oblong,  and  a  good  deal  flattened,  and  sometimes 
lumpy  on  the  surface,  the  cells  covering,  as  it  were,  the  ine- 
qualities of  an  inner  surface."  The  one  I  have  displays  the 
coralline  structure  well,  but  not  better  than  those  from  the 
neighbourhood  of  Evesham,  and  belongs,  apparently,  to  a  dif- 
ferent species.  The  bed  in  which  they  lie,  Mr  Geikie  states, 
is  irregularly  two  feet  thick,  and  is  composed  entirely  of  theso 
Isastrea,  cemented  together  in  a  hardened  mud.  They  are 
piled  together  in  masses,  one  above  another,  without  the  ad- 
mixture of  any  other  fossils.  The  thickness  of  the  Skye  Lias 
is  at  least  1200  feet,  and,  as  the  Gryphma  incurva  occurs 
100  feet  above  the  Coral  bed,  it  would  seem  to  come  very  near 
the  horizon  of  the  Isastrea  beds  in  England.  In  some  bands 
of  hard  white  limestone  in  the  lower  Lias,  rather  low  down, 
I  think,  near  Leamington,  in  Warwickshire,  I  have  obtained 
four  or  five  small  corals,  most  nearly  resembling  the  coral 
from  the  marlstone  in  Northamptonshire.  There  is  a  similar 
species  in  the  white  Lias,  near  Southam,  and  elsewhere  in  the 
same  county,  but  higher  up  in  the  series.  It  is  worthy  of 
remark,  that  in  places  the  Li&s  in  Warwickshire  assumes  a 
peculiar  lithological  character,  differing  in  many  respects 
from  the  equivalent  strata  in  Gloucestershire.  This  is  parti- 
cularly observable  at  Newbold,  near  Rugby,  where  there  is  a 
thin  layer  of  limestone,  almost  green  in  colour  with  Ostrea 
and  spines  of  Echinoderms,  and  a  soft,  white,  crumbly  stone, 

*  Edinbargh  New  PhUoBophical  Journal,  New  Series,  vol.  i.,  p.  366. 
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unlike  any  Lias  I  have  seen  elsewhere.  Much  iron  pyrites  is 
diiTased  throughout  the  mass.  I  hope  hereafter  to  describe 
these  and  other  remarkable  beds  of  Lias  in  Warwickshire. 

These  are  all  the  Lias  corals  with  which  I  am  acquainted 
in  the  British  isles,  though  possibly  a  few  may  be  buried  in 
private  collections.  I  hope,  however,  this  notice  of  those 
which  have  come  under  my  cognisance  may  be  the  means  of 
bringing  any  others  to  light,  and  of  inducing  some  one  who 
has  made  this  branch  of  Palaeontology  his  study,  to  describe 
the  whole  in  detail.  A  few  years  since,  my  friend  Professor 
Buckman  sent  up  some  Liassic  corals  to  the  late  Professor 
Forbes,  but  they  were  unfortunately  lost  before  any  descrip- 
tion had  been  given  of  them  ;  but  Professor  Buckman  thinks 
that  most  of  them  were  identical  with  those  above  described. 

On  the  Continent,  some  corals  have  been  met  with  in 
the  upper  Lias  at  Calvados,  in  France ;  and  two  species  of 
Isastrea  and  two  species  of  Montlivaltia,  are  figured  and  de« 
scribed  by  M.  Chapcris  and  Dewalque,*  from  the  lower  Lias  in 
France  and  Belgium,  in  beds  which  occupy  a  similar  position 
in  the  series  to  those  near  Cheltenham.  The  Montlivaltia 
differs  from  the  species  in  my  collection,  but  I  cannot  speak 
so  decisively  with  respect  to  the  Isastrea. 


Tiie  Chemistry  of  the  Iron  Manufacture  of  Cleveland  Dis^ 
trict.    By  William  Crowder,  F.C.S.,  Newcastle-on-Tyne. 

The  present  communication  is  intended  to  form  the  com- 
mencement of  a  series  of  investigations  into  the  various  stages 
of  the  manufacture  of  iron,  more  particularly  as.  pursued  in 
the  neighbourhood  of  Cleveland. 

On  two  previous  occasions,  I  have  communicated  to  the 
Edinburgh  New  Philosophical  Journal  the  results  of  an  exten- 
sive series  of  analyses  of  the  ironstones  obtained  from  the  dif- 
ferent mines  in  that  locality,  and  in  adjoining  districts ;  and 
I  have  been  naturally  led  so  far  to  extend  the  inquiry  as  to 
embrace  the  investigation  of  the  various  stages  of  smelting 
and  refining  these  ores. 


«  f< 
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The  subject  is  one  surrounded  with  great  difficulties,  partly 
because  we  are  unable  to  trace  the  operations  through  every 
stage  of  their  progress,  and  can  only  judge  of  what  has  occur- 
red by  the  ultimate  result; — partly  from  the  necessity  of  taking 
into  consideration  the  numerous  complicated  conditions  re- 
quired to  bring  about  a  given  result ; — partly  on  account  of  the 
difficulty  of  collecting  some  of  the  products  ;  and  last,  though 
by  no  means  least,  because  of  the  difficulty  and  minuteness 
required  in  many  of  the  analyses,  and  the  series  of  tedious 
repetitions  necessary  before  any  safe  conclusions  can  be  de- 
duced. 

The  operations  of  the  iron  manufacture  are  twofold : — 

let,  The  smelting  or  reduction  of  the  ore,  with  the  produc* 
tion  of  crude  or  cast-iron. 

2d,  The  conversion  of  crude  into  wrought  or  finished  iron. 

The  present,  and  one  or  two  future  communications,  will 
have  reference  to  the  first  of  these  operations,  viz.,  the  smelt- 
ing of  iron. 

On  reflecting  for  a  moment  upon  the  construction  of  a  blast 
furnace,  it  will  be  evident  that  there  are  two  exits  for  the  pro- 
ducts of  the  changes  that  have  taken  place  in  the  interior, 
viz.,  at  the  tunnel-head  and  at  the  hearth.  At  the  former  will 
escape  all  the  gases  generated  inside,  together  with  any  solid 
matters  capable  of  volatilization  by  intense  heat ;  at  the  latter, 
all  the  solid  matters  which  are  non-volatile  will  escape  in  a 
melted  state.  If,  therefore,  we  collect  the  solids  from  the 
hearth,  and  the  gases  and  volatilized  matters  from  the  tunnel- 
head,  we  have  an  expression  of  the  ultimate  efiect  of  the  che- 
mical operations  that  have  gone  on  inside. 

It  matters  little  whether  we  commence  our  experiments  at 
the  hearth  or  the  tunnel-head  ;  but  for  convenience  we  have 
devoted  our  attention,  firstly,  to  the  products  from  the  hearth. 

The  products  from  the  hearth  are  of  two  kinds ;  there  is — 

1st,  The  slag,  produced  by  the  combination  of  the  various 
impurities  contained  in  the  ironstone,  and  the  ashes  of  the 
fuel  with  the  limestone  used  as  flux ;  and, 

2d,  The  crude  iron,  combined  with  various  small  quantities 
of  impurities,  which  latter  determine  the  quality  of  the  pre- 
ceding in  a  remarkable  degree. 
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If  we  desire  to  obtain  the  explanation  of  the  composition  of 
the  products  obtained  from  the  furnace,  an  accurate  know- 
ledge of  the  composition  of  all  the  materials  introduced  must 
be  presupposed,  else  no  intelligible  equation  can  be  given. 

Hence,  In  the  first  instance,  a  complete  investigation  into 
the  composition  of  all  these  materials  becomes  necessary. 

Having  established  the  composition  of  all  the  ingredients 
with  which  we  start,  it  next  becomes  important  to  detail  the 
various  quantities  which  are  mixed  together  to  produce  a  given 
result ;  and  if,  after  subjecting  these  materials  to  the  process 
of  reduction,  we  now  weigh  and  then  analyse  the  various  pro- 
ducts, we  ought  to  get  a  complete  quantitative  expression  of 
the  mode  in  which  the  various  matters  have  been  disposed  of. 

So  far  as  theory  goes  this  is  quite  correct ;  in  fact,  we  might 
regard  the  operation  of  a  blast  furnace  in  the  same  manner  as 
an  assay  on  a  gigantic  scale.  Unfortunately,  however,  the 
command  of  uniform  conditions  is  in  most  cases  impossible, 
principally  on  account  of  the  variable  composition  of  the  cal- 
cined stone.  It  will  be  evident  to  persons  acquainted  with 
the  process  of  iron-smelting,  that  it  is  exceedingly  difiScult  to 
insure  complete  or  uniform  calcination.  If  this  is  not  accom- 
plished, the  proportion  of  volatile  matters  remaining  behind 
interferes,  more  or  less,  with  the  accuracy  of  the  result,  de- 
pending upon  the  extent  to  which  the  operation  has  been  ac- 
tually carried.  All,  therefor^,  that  we  can  accomplish  is  to 
ascertain  what  result  is  practically  obtained* 

Again,  if  we  collect  the  solid  products  at  regular  intervals 
between  one  tapping-time  and  another,  upon  analysis  these  pro- 
ducts ought,  by  their  composition,  physical  appearance,  and 
properties,  to  indicate  any  changes,  however  minute,  that  have 
gone  on  inside  the  furnace  since  the  previous  specimen  was 
taken. 

It  is  quite  true  that  these  fluctuations  cannot  be  relied  on  by 
a  few  analyses ;  but  when  an  accumulation  of  results  of  this 
kind,  obtained  under  every  variety  of  condition,  and  in  differ- 
ent furnaces,  are  compared  together,  any  constant  change  can 
be  easily  noted. 

In  the  present  investigation  I  have,  as  far  as  circumstances 
admitted,  endeavoured  to  follow  out  the  course  indicated  in 
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the  preceding  remarks,  in  the  hope  that  the  results  obtained 
may  prove  of  some  value  as  a  trifling  contribution  to  our  pre- 
sent imperfect  knowledge  of  the  theory  of  iron-smelting. 

The  present  paper  contains  three  distinct  series  of  experi- 
ments ;  the  first  two  being  the  results  obtained  from  the  fur- 
naces of  Messrs  Ck)chrane  &  Co.,  Ormsby  Iron-works,  Middles- 
boro' ;  the  third  series  being  from  those  of  Messrs  Bell  Brothers, 
Clarence  Iron-works,  Middlesboro',  to  both  of  which  firms  I  am 
much  indebted  for  the  assistance  they  have  so  kindly  rendered 
me  in  my  investigations. 

The  First  Series,  from  Messrs  Cochrane  &  Co.,  contains 
the  results  of  analyses  of  two  sets  of  slags,  taken  respectively 
on  the  20th  and  22d  of  May,  from  No.  1  furnace,  producing 
Nos.  1  and  3  iron ;  the  other  two  sets  from  No.  2  furnace, 
taken  respectively  on  the  27th  and  29th  of  May  1856,  when 
the  furnace  was  on  mottled  iron. 

The  Second  Series,  from  Messrs  Cochrane  &  Co.,  contains 
the  results  of  experiments  made  on  Nos.  1,  2,  and  3  furnaces, 
in  August  28, 1856,  when  on  No.  2;  and  mottled  iron,  and 
No.  1,  respectively. 

The  Third  Series  contains  the  results  of  experiments  at 
one  of  Messrs  Bell  Brothers'  furnaces,  when  on  foundry  iron. 

In  detailing  the  method  adopted  in  making  the  analyses,  it 
will  be  unnecessary  to  enter  more  fully  into  a  description  of 
the  ironstone  analysis  than  to  state  that  the  examinations 
were  conducted  in  an  exactly  similar  manner  to  those  in  my 
last  investigation.  The  iron  was  in  all  cases  determined 
by  permanganate  of  potash. 

Method  adopted  in  the  Analysis  of  the  Sla^s. 

A  quantitative  analysis  of  the  slags  gives  the  following  in- 
gredients:— Iron,  alumina,  lime,  magnesia,  manganese,  po- 
tash, soda,  silica,  sulphur,  sulphuric  acid,  phosphorus  or  phos- 
phoric acid. 

The  finely  powdered  material  was  digested  with  hydrochlo- 
ric acid,  by  which  it  is  decomposed,  with  the  production  of  a 
mass  of  gelatinous  silica,  it  was  evaporated  to  dryness,  and 
redissolved  in  acid. 
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The  operation  was  effected  much  more  rapidly  by  heating 
on  a  water-bath,  since,  by  using  these  means,  there  is  not  the 
tendency  to  bumping,  and  consequent  loss  by  projection  of  por- 
tions from  the  dish,  as  is  experienced  when  a  sand-bath  or 
naked  gas  flame  is  used.  Sulphuretted  hjdrogen  was  inva- 
riably evolved  in  this  operation. 

After  redissolving  in  acid,  the  silica  was  filtered  off,  and 
chlorine  water  was  added  to  the  hot  solution,  and  then  ammo- 
nia, by  which  iron,  alumina,  manganese,  and  phosphoric  acid 
are  precipitated;  this  was  well  washed  with  boiling  water, 
dried,  and  weighed.  It  was  then  dissolved  in  hydrochloric 
acid ;  some  tartaric  acid  was  added,  and  then  ammonia  and 
sulphide  of  ammonia.  This  throws  down  iron  and  manganese, 
leaving  alumina  in  solution ;  by  reprecipitating  the  iron  and 
manganese  with  chlorine  and  ammonia,  and  filtering,  they  may 
now  be  weighed  together  as  Mn,  0^  and  Fe^  0,.  By  deter- 
mining the  quantity  of  iron  present  with  a  very  weak  solution 
of  permanganate  of  potash,  and  deducting  it  from  the  weight 
of  the  two  bodies,  the  quantity  of  manganese  is  obtained.  The 
manganese  was  also  frequently  determined  by  boiling  with 
perchloride  of  iron  and  acetate  of  potash,  when  the  phosphoric 
acid  remains  as  a  precipitate,  and  the  manganese  passes 
through.  Since  it  was  found  practically  that  traces  of  iron 
and  alumina  passed  through  along  with  the  manganese,  some 
tartaric  acid  was  added  to  the  filtrate.  Sulphide  of  ammonia 
and  ammonia  precipitated  iron  and  manganese.  The  manga- 
nese was  then  determined  as  before. 

It  was  not  considered  necessary  to  determine  the  manga- 
nese in  every  instance,  but  a  sufficient  number  of  cases  have 
been  given  to  show  the  general  proportion  of  this  constituent. 
Alkalies  were  determined  in  the  usual  manner  with  baryta. 
One  determination  for  each  set  was  considered  sufficient. 

Lime  and  magnesia  were  determined  in  the  usual  man- 
ner. Sulphur  was  determined  by  digesting  the  slag  in  red 
fuming  nitric  acid,  evaporating  to  dryness,  and  redissolving 
in  hydrochloric  a^cid. 

Great  care  was  taken  in  these  determinations.  The  nitric 
acid  was  purified  by  distillation  with  a  small  quantity  of  ni* 
trate  of  baryta,  to  insure  the  absence  of  the  last  traces  of  sul- 


Iron  Manufacture  of  Cleveland  District.  269 

phuric  acid.  A  considerable  quantity  of  the  distilled  acid  was 
evaporated  to  dryness  in  a  glass  beaker,  with  some  nitrate  of 
baryta,  and  the  residue  was  treated  with  boiling  water.  The 
whole  dissolved  without  leaving  even  traces  of  sulphate  of 
baryta,  showing  the  purity  of  the  nitric  add. 

It  having  been  lately  shown  by  Noad  and  others  that  sul- 
phate of  baryta  is  slightly  soluble  in  nitric  acid,  the  precau^ 
tion  of  taking  up  with  hydrochloric  acid  was  observed ;  and 
the  close  correspondence  of  the  results  seems  to  confirm  the 
accuracy  of  the  plan. 

There  is  invariably  present  small  quantities  of  sulphuric 
acid,  amounting  to  from  0*10  to  0*30.  As  this  quantity  was 
80  small,  the  examination  for  that  ingredient  was  usually  omit- 
ted, and  the  whole  of  the  sulphate  of  baryta  obtained  calcu- 
lated into  sulphur. 

Phosphoric  add  was  determined  by  the  acetate  of  potash 
and  perchloride  of  iron  method. 

There  is  great  reason  to  believe  that  the  phosphorus  exists 
as  such  in  the  slag,  and  not  as  phosphoric  acid ;  for,  in  looking 
over  the  analysis,  it  will  be  seen  that  after  adding  the  quan- 
tity for  alkalies,  the  analyses  almost  invariably  come  too  high. 
I  have  therefore  calculated  it  as  monophosphuret  of  cal- 
cium =  Ca  P.  *  It  is  quite  possible  that  the  phosphuret  may 
contain  more  than  one  equivalent  of  calcium,  in  which  case 
the  analyses  would  come  still  closer  to  the  100  parts. 

In  a  few  cases  the  mode  of  decomposing  the  slag  was  by 
fusion  with  carbonate  of  soda ;  but  the  results  obtained  by 
this  method  being  the  same  as  when  hydrochloric  acid  was 
used,  only  a  few  experiments  were  conducted  by  this  plan. 

Analysis  of  the  Cast-Irons. 

The  major  portion  of  the  iron  dissolves  in  dilute  hydrochlo- 
ric acid,  the  remainder  consists  of  silica,  lime,  alumina,  mag- 
nesia, and  graphite.  Twenty-five  grains  were  dissolved  in  di- 
lute hydrochloric  acid.  The  insoluble  matter  was  thrown  on 
to  a  weighed  filter,  and  after  obtaining  the  weight  of  the  re- 
sidue, it  and  the  filter  were  burned  in  a  platinum  crucible. 
A  small  quantity  of  nitre  and  carbonate  of  soda  was  mixed 
with  it,  and  the  whole  fused.     It  was  then  dissolved  in  acid, 
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evaporated  to  drynesSi  and  taken  np  with  acid,  the  silica  fil- 
tered off,  and  the  iron,  alnmina,  lime,  and  magnesia  deter- 
mined.  The  sum  of  these  constituents  deducted  from  the 
weight  of  the  residue  insoluble  in  acid  gives  the  quantity  of 
graphite  or  uncombined  carbon. 

In  the  determination  for  graphite,  a  small  correction  must 
be  made,  since  the  silica  in  the  insoluble  residue,  when  dried 
at  212°,  is  a  hydrate,  the  water  of  which  must  be  taken  into 
account.    This  was  observed  in  every  case. 

The  portion  soluble  in  dilute  acid  was  evaporated  to  dry- 
ness, and  redissolved  in  acid,  to  separate  any  soluble  silica, 
the  iron  in  the  liquid  was  peroxidized  with  nitric  acid ;  carbo- 
nate of  soda  and  acetate  of  potash  were  then  added,  and  the 
manganese,  lime,  and  magnesia  passes  through  the  filter.  The 
manganese  was  thrown  down  (after  concentrating  the  filtrate) 
by  hypochlorite  of  soda,  and  the  lime  and  magnesia  in  the 
filtrate,  or  the  manganese  was  precipitated  by  sulphide  of  am- 
monium, redissolved,  and  precipitated  by  carbonate  of  soda^ 
The  manganese  was  all  in  the  soluble  portion. 

Sulphur. — Similar  precautions  were  observed  in  examina- 
tions of  sulphur  as  in  the  analysis  of  slags,  with  regard  to  the 
solubility  of  the  sulphate  of  baryta  in  nitric  acid. 

Twenty  grains  of  the  finely-powdered  iron  were  dissolved  in 
perfectly  pure  nitric  acid,  which  had  previously  been  distilled 
with  nitrate  of  baryta.  It  was  then  evaporated  to  dryness, 
and  taken  up  with  pure  hydrochloric  acid,  and  the  sulphuric 
acid  determined  with  nitrate  of  baryta. 

Phosphorus  was  determined  in  the  filtrate  by  boiling  with 
acetate  of  potash  and  chloride  of  iron. 

The  precaution  of  deoxidizing  the  greater  portion  of  the 
iron  with  sulphate  of  soda  was  invariably  observed,  by  which 
means  we  were  enabled  to  obtain  the  phosphoric  acid  com- 
bined with  only  two  or  three  grains  of  peroxide. 

Carbon  was  determined  by  combustion  with  chromate  of 
lead  and  chlorate  of  potash,  at  times  assisted  with  a  small 
quantity  of  chromate  of  potash.  By  deducting  the  quantity 
of  graphite  found  in  the  portion  insoluble  in  acid,  the  differ- 
ence was  the  quantity  of  combined  carbon. 
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Materials  used  in  the  Experiments, 

Ironstone* — ^The  stone,  as  I  have  already  indicated  in  my 
previous  papers,  is  a  carbonate  of  protoxide,  yielding,  by  ana- 
lysis, on  an  average  about  30  or  31  per  cent,  metallic  iron  in 
the  raw  state.  As,  however,  the  stone  is  calcined  before  in- 
troducing it  into  the  furnace,  a  corresponding  increase  to  the 
percentage  of  loss  by  heat  must  be  made.  Six  samples  were  se- 
lected and  analysed,  the  results  of  which  were  published  in  my 
last  paper.  It  will  therefore  suffice  to  take  the  average  of 
these  six  analyses,  and  side  by  side  to  append  its  composition 
in  the  calcined  state.  This  refers  to  the  first  series  of  expe- 
riments, viz.,  those  performed  in  May. 

Calculated  average  composition  of  six  specimens  of  Hutton 
stone  from  Messrs  Cochrane's  works.  May  1856,  raw  and 
calcined. 


Silica, 

Baw; 
14*35 

If  C^lciDed. 
(Calculated.) 

19-77 

Peroxide  of  iron. 

44-50 

61-32 

Alumina,     . 
Lime, 

4-92 
4-03 

6-78 
6-66 

Magnesia,    . 
Phosphoric  acid. 
Sulphur, 
Sulphuric  acid. 
Loss  by  heat. 

2-18 
2-21 

0-27 

Oil 

27-43 

300 
3-00 

0-37 
0-15 

..a 

100*00 

99-98 

Metallic  iron. 

31-15 

42-90 

In  the  second  series  of  experiments,  performed  at  Messrs 
C!ochrane  &  Co.'s  works  in  August,  the  calcined  stone  was 
analysed.  In  order  to  procure  an  average  specimen,  several 
hundredweights  of  the  ore  from  the  clamps  were  crushed  to  a 
coarse  powder,  the  whole  was  then  thoroughly  mixed  together, 
and  a  pound  sample  taken. 

The  whole  of  this  pound  was  then  ground  in  the  laboratory 
to  a  much  finer  powder,  and  sifted,  and  from  it  the  quantity 
for  analysis  was  drawn. 

y2 


^72 


Mr  W.  Orowder  on  the  ChemUiry  of  the 


Andtyais  of  Calcined  Hwttan  Stone. 


Silica^     . 

16-60 

Alumina^ 

1603 

Peroxide  of  iron. 

63-40 

Protoxide  of  manganese, 

0-25 

Lime,                  • 

8-40 

Magnesia, 

3-90 

Sulphur, 

0-31 

Phosphoric  add. 

2-32 

Sulphuric  acid,    . 

1-83 

101-44 

Metallic  iron. 

37-38 

In  the  third  series,  performed  at  one  of  Messrs  Bell  Bro- 
thers' furnaces,  the  ironstone  was  from  their  mine  at  Nor- 
manhy.  It  was  calcined,  and  was  taken  from  a  very  large 
quantity,  and  ground  fine,  as  in  the  preceding  case* 


Analysis  of  Normafiby  Stone, 


Rav  Stone 

Calcined. 

eelcnlated 
into  Calcined 

Silica, 

21-00 

17-32 

Alumina, 

10-12 

8*17 

Peroxide  of  Iron, 

62-68 

66-18 

Protoxide  of  Manganese, 

0-30 

1-15 

Lime, 

4-46 

9-19 

Magnesia, 

3-23 

6-41 

Sulphur, 

013 

0-36 

Sulphuric  acid. 

1.06 

trace. 

Phosphoric  acid, 

1-70 

1-66 

Moisture  and  Carbonic  Acid 

6-34 

•  •  • 

10000 

99-97 

Metallic  iron, 

36-88 

39*32 

Hcsmaiite.^'Aloug  with  the  previously  named  ironstone, 
there  was  invariably  used  a  certain  quantity  of  Cumberland 
haematite. 
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As  this  is  used  only  sparingly,  and  as  the  composition  of 
the  masses  is  pretty  uniform,  it  was  not  deemed  necessary  to 
take  such  great  precautions  in  the  grinding  of  a  large  quan* 
tity.  The  following  were  the  results  obtained  by  subjecting 
the  different  kinds  to  a  chemical  analysis : — 

Amlysis  vf  Guniberlcmd  Hcdmatites. 


Silica, 

Kidney. 

1-50 

Compact  Masses. 
10-20 

The  Bmall 

12-30 

Peroxide  of  Iron, 

9800 

89-20 

86-00 

Lime, 

Trace. 

Trace. 

Trace. 

Magnesia, 
Sulphur, 

•  •  • 
Tiaoe. 

•  •  • 
Trace. 

•  • . 
Trace. 

Phosphoric  acid, 
Watar, 

0-34 

•  •  « 

0-32 

•  • « 

0-80 
1-90 

99-84 

99-72 

• 

100-50 

Metallic  iron. 

68-60 

62-44 

60-20 

Average  of  the  three  specimens,  63*74  per  cent,  metallic  iron. 

lAmeatone. — The  limestone  used  in  the  experiments  at 
Cochrane  &  Co.'s  was  from  Frosterly.  It  is  nearly  pure  car- 
bonate of  lime,  free  from  any  considerable  quantity  of  silica, 
sulphur  or  phosphoric  acid.    The  analysis  was  as  follows ; — 

Analysis  of  Frosterly  lAmestane. 

Silica,       ....         0-60 

Oxide  of  iron  and  alumina, 

Lime, 

Magnesia, 


Carbonic  acid, 
Sulphuric  add, 
Water,      . 


0-60 
54-65 

0-55 
42*99 

0-50 

0-13 


99-92 

The  limestone  used  at  Messrs  Bell  Brothers'  had  the  follow- 
ing composition : — 

Silica,        .             .             •  .  1-50 

Oxide  of  iron  and  alumina,  •  0-85 

Carbonate  of  magnesia,  .  4*41 

Carbonate  of  lime,              .  93-24 


10000 


—     }f 


•  ^ 


274  Iran  Manufctcture  of  Cleveland  DUtricL 

Coke. — ^The  fuel  used  in  this  district  is  invariably  coke, 
whieh  is  in  consequence  manufactiired  in  enormous  quantities, 
to  Bupjdy  the  furnaces. 

That  which  was  used  in  the  present  experiments  was  a  fine 
hard  coke,  and  bears  a  good  name  amongst  iron-smelters.  It 
is  also  largely  used  for  locomotive  purposes. 


Analysis  of  Gche, 

Carbon,  . 

89-70 

Silica,     .             .             .             , 
Alumina, 

4-43 
1*92 

Sulphuret  of  iron, 
Sulphuret  of  calcium, 
Sulphuret  of  magnesia,     . 
Phosphoric  acid. 

2-07 
110 

0-50 
0*28 

100-00 

The  first  specimens  of  slag  for  analysis  were  collected  about 
three  or  four  hours  after  the  last  casting,  i.e.,  at  9  o'clock 
in  the  morning ;  at  this  time  the  slag  begins  to  run  over  the 
notch.  It  was  again  collected  at  12  o'clock,  and  again  at 
5  o'clock  P.M.,  just  before  casting. 

It  was  also  collected  at  times  after  the  iron  was  run  off, 
since  a  film  of  slag  of  some  depth  lies  immediately  on  the  top 
of  the  molten  iron,  and  below  the  notch,  consequently  this  por- 
tion runs  out  through  the  tapping-hoUy  after  the  iron  is  cast, 
and  not  by  the  notch  at  all.  It  was  thought  possible  that  this 
**  Roughin,"  as  it  is  technically  termed,  might  differ  from  the 
other  portion  of  the  slag  to  some  extent,  both  in  its  physical 
and  chemical  properties.  It  would  be  probably  denser,  and 
was  generally  more  crystalline,  than  the  £lag  run  at  an 
earlier  hour. 

The  iron  taken  for  analysis  was  from  chips  off  an  average 
pig,  run  at  5  p.m. 

The  pulverization  of  the  iron  was  effected  in  a  steel  mortar, 
and  the  resulting  powder  sifted  through  a  fine  sieve. 

As  the  graphitous  scales  are  liable  to  separate  from  the  iron 
in  fiakes,  great  care  must  be  taken  to  insure  their  uniform  ad- 
mixture through  the  powder. 

{To  he  continued,) 
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On  the  Phyriedl  Oeography  of  the  Tertiary  Estuary  of  the 
Isle  of  Wight.    By  H.  0.  Sorby,  F.G.S.    (Hate  IV.) 

In  the  following  communication  on  the  Tertiary  deposits  of 
the  Isle  of  Wight,  I  shall  bring  to  bear  facts  aitd  general 
principles  that  hare  hitherto  attracted  very  little  attention. 
In  my  papers  <m  the  Physical  Geography  of  the  Old  Bed 
Sandstone  sea  of  the  Central  District  of  Scotland,  and  on  the 
Terraces  in  the  Valley  of  the  Tay,  north  of  Dunkeld,  pab« 
lished  in  this  Journal,*  I  have  described  these  to  some  extent; 
but  since,  in  the  subject  now  before  us,  the  points  of  import- 
ance differ  very  materially  from  those  then  in  discussion,  it 
will,  I  think,  be  better  to  reiterate  some  of  them,  in  order  to 
bring  the  essential  facts  more  prominently  into  view. 

•It  appears  to  me  that  the  physical  structure,  as  well  as  the 
organic  remains,  of  the  fluyio-marine  tertiaries  proves  that 
they  were  formed  in  an  estuary  at  the  mouth  of  a  large  tidal 
river.  The  chief  currents  that  are  present  in  such  a  case 
now  are  those  due  to  the  rise  and  fall  of  the  tide,  the  stream 
of  the  river  itself,  and  the  action  of  the  surface-waves  on  the 
coasts  and  shoals.  Those  caused  by  the  tide  are  characterized 
by  moving  up  and  down  the  estuary  as  it  rises  and  falls ;  the 
direction  of  this  line  of  oscillation  of  the  current  in  different 
parts  depending  on  their  configuration.  Near  the  coasts  or 
shoals  it  is  nearly  parallel  to  them ;  but  in  intermediate  posi- 
tions it  coincides  with  the  resultant  axis  for  the  locality. 
The  river-stream  follows  much  the  same  laws  as  the  out- 
stream  of  the  tide,  and  acts  as  a  force  to  be  added  to  it,  and 
subtracted  from  the  in-current  due  to  the  rising  tide.  These 
facts  necessarily  result  from  the  general  laws  of  hydro* 
dynamics,  in  the  same  manner  as  the  current  down  a  river 
must,  on  an  average,  be  parallel  to  its  banks ;  and  are  well 
known  to  mariners,  being  constantly  alluded  to  in  **  sailing 
directions  *'  for  their  use.  Some  of  them  are  also  most  com- 
pletely borne  out  by  the  actual  observations  of  Captain 
Beechey,  as  published  in  the  Philosophical  Transactions  for 
1848  and  1851 ;  and  I  would  particularly  call  attention  to  the 

*  New  Series,  vol.  iii.  Jan.  1866,  p.  112,  and  voL  iv.  Oct.  1856,  p.  317. 
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directions  of  the  currents  in  the  Bristol  Channel,  as  given  in 
the  maps  accompanying  the  latter  paper.  In  proof  of  the 
rest,  I  refer  to  the  excellent  and  most  instructive  chart  of 
England  and  Holland  by  Norrie,  particularly  to  the  mouth  of 
the  Thames ;  where,  however,  the  arrows  indicate  only  the 
current  of  the  rising  tide.  Now,  if  the  organic  remains  in  the 
fluvio-marine  tertiaries  of  the  Isle  of  Wight  indicate  that  the 
deposits  were  formed  at  the  mouth  of  a  great  river  communi- 
cating with  the  sea,  if  it  was  affected  with  tides,  it  appears  to 
me  to  be  only  strict  induction  to  conclude  that  the  same  laws 
would  apply  to  the  currents  present  in  it. 

Waves  caused  by  the  action  of  the  wind  on  the  surface  of 
water  produce,  as  they  pass  onward,  a  current  moving  in  the 
line  of  their  advance  under  their  crest,  and  in  the  opposite,  in 
the  intermediate  hollow.  The  extent  of  this  motion,  and  its 
velocity,  depend  on  the  height  and  length  of  the  waves,  and 
the  depth  of  the  water.  If  this  be  considerable,  compared 
with  the  dimensions  of  the  waves,  there  is  no  motion  of  any 
importance  at  the  bottom  ;  but  if  they  advance  to  where  it  is 
shallow,  as,  for  instance,  to  a  coast  or  a  shoal,  the  movement 
along  the  bottom  becomes  considerable.  It  is  then  an  oscil- 
lating current,  moving  forwards  and  backwards  in  the  line  of 
their  advance,  and  perpendicular  to  their  ridges,  as  extending 
on  the  surface  of  the  water.  Even  if  the  line  of  motion  of  a 
system  of  waves  be  parallel  to  the  shore  at  some  distance 
from  it  in  deep  water,  yet,  when  approaching  a  shelving  coast 
or  shoal,  their  ridges  curve  to  it  in  such  a  manner  that,  when 
the  depth  becomes  such  that  the  velocity  of  the  currents  they 
produce  at  the  bottom  is  suflScient  to  move  the  deposits,  the 
direction  of  the  line  of  oscillation  is  inclined  at  a  considerable 
angle  to  that  of  the  coast.  Hence,  if  the  same  effective 
amount  of  waves  comes  from  all  quarters,  the  mean  direction 
of  this  line  would  be  perpendicular  to  the  shore,  and  the  range 
of  variation  would  be  about  a  right  angle  ;  whereas,  if  that 
was  not  the  case,  this  mean  line  would  be  inclined  from  the 
perpendicular  towards  the  side  from  which  the  greatest  amount 
of  waves  proceeded.  As  before  mentioned,  the  direction  of 
tidal  oscillation,  some  short  way  from  the  coast  or  shoal,  would 
be  parallel  to  it,  and  hence,  that  due  to  the  stranding  waves 
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would  be  nearly  perpendicular  to  that  of  the  rise  and  fall  of 
the  tide.  This  fact  enables  ns  to  ascertain  the  existence  and 
form  of  the  coasts  and  shoals  in  the  ancient  seas,  in  the  same 
manner  as  breaking  waves  serve  to  point  them  out  to  the 
navigator  of  those  of  the  present  period. 

These  conclusions  are  derived  from  the  general  and  well- 
known  phenomena  of  wave  motion,*  and  from  mj  own  obser* 
vations  at  various  places  on  our  coasts,  which  may  be  so 
easily  made,  that  any  one  may  readily  repeat  them,  and  con- 
vince himself  of  their  truth. 

When  deposits  are  formed  under  the  influence  of  a  current, 
the  character  of  the  resulting  structure  depends  on  its  velocity 
and  depth,  on  the  nature  of  the  deposit,  and  the  rate  of  depo- 
sition, which  are  so  connected  together  that,  I  feel  persuaded, 
on  more  extended  inquiry,  it  will  be  found  possible  to  ascertain 
their  approximate  value  by  examining  the  rocks.  So  much, 
howe^r,  remains  to  be  learned  by  experiments,  that  I  shall 
not  now  attempt  to  do  more  than  indicate  in  what  way  the 
direction  and  character  of  the  current  can  be  determined,  be- 
cause that  is  all  that  is  required  for  the  subject  in  hand. 

The  direction  of  ripple-marks  clearly  shows  that  of  the 
current  which  produced  them ;  for  they  trend  perpendicular 
to  its  movement,  in  the  same  manner  as  the  waves  of  the  sur- 
face of  water  do  with  respect  to  the  wind.  The  current  often 
washes  forward  material,  which  is  deposited  in  small  beds  on 
that  slope  of  the  ripple  opposite  to  that  from  which  it  flows. 
This  will  be  better  understood  from  fig.  1,  which  is  an  ideal  sec- 
Fig.  1. 

/  €  d'  c  b  a 


tion  perpendicular  to  the  trending  of  a  system  of  ripples,  to  show 
the  gradual  passage  from  "  level  beds  "  at  a  to  gentle  curved 
"  ripples'*  at  ft,  becoming  crested  at  c,  and  so  sharp  at  dy 
that  the  upper  part  would  be  washed  ofl'  to  where  there  is  a 
dotted  line,  carried  forward  in  the  line  of  the  current,  and 

*  See  Airy's  Treatise  on  Tides  and  Waves,  in  the  Enoyclopsedia  Metropoli- 
tana,  and  Scott  Kussell^s  Report  on  Waves,  in  tlie  Ueport  of  tbie  British  Asso- 
ciation for  1844,  p.  311. 
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thrown  down  as  a  small  bed  at  (e)^  on  the  side  towards  which 
the  current  flows.  Fresh  material  being  washed  up  from  the 
exposed  side  of  the  ripple,  carried  forwards  and  deposited  on 
the  protected  side,  such  a  structure  as  at  (/)  is  produced, 
which  I  call  **  ripple-drift.*'  If  no  permanent  deposit  was 
being  formed,  merely  matter  drifted  onwards,  no  more  mate- 
rial would  be  added  to  the  protected  than  would  be  afterwards 
washed  up  from  the  exposed  side ;  therefore  systems  of  such 
ripple-drifts  would  simply  adrance,  and  leave  nothing  behind 
them.  If,  howeyer,  an  actual  deposit  was  being  formed,  so 
that  more  material  was  added  to  each  ripple  than  was  after- 
wards washed  up  again,  the  lower  portion  of  each  would  be 
left  behind,  and  covered  up  by  the  next  advancing  over  it. 
Provided  that  the  accumulation  took  place  at  a  uniform  rate, 
thin  beds,  like  those  shown  in  fig.  2,  would  be  left  behind. 

Fig.  2. 


having  stratula,*  as  shown  in  the  figure ;  whereas,  if  there  was 
a  fluctuation  in  the  rate  of  deposition,  the  thickness  of  these 
bands  would  vary  accordingly.  By  this  means,  then,  there 
are  produced  bands  of  oblique-bedded  stratula,  each  of  which 
does  not  coincide  with  the  true  horizontal  plane  of  stratifi- 
cation, but  is  inclined  to  it  at  an  angle,  abc.  Since  the 
thickness  of  each  of  these  bands  is  necessarily  the  amount  of 
material  accumulated  during  the  interval  required  for  each 
ripple  to  advance  through  a  space  equal  to  its  own  length,  it 
is  obvious  that,  when  the  laws  of  the  rate  of  this  advance  have 
been  accurately  ascertained,  the  rate  at  which  the  deposit 
was  accumulated  will  also  be  known.  Of  course,  if  the  sur- 
face of  the  ripples  can  be  seen  in  any  rock,  the  direction  of 
the  current  can  be  ascertained  at  once ;  but,  as  is  often  the 

*  I  moet  willingly  adopt  this  term,  first  proposed  by  De  la  Oondamlne  in  his 
paper  in  the  Quart.  Journ.  GeoL  Soc.,  vol.  U.  p.  273. 
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case,  if  it  cannot,  tliis  may  be  learned  by  taking  the  mean 
dip  of  their  stratnla,  which,  owing  to  the  tendency  to  form 
small  delta-like  accnmnlations,  frequently  varies  considerably- 
I  have  now  before  me  in  my  cabinet  specimens  showing  most 
perfectly  all  these  peculiarities  of  structure,  as  well  as  most 
of  the  others  described  in  this  paper. 

In  some  oases,  when  the  current  is  not  of  such  a  character 
as  to  produce  ripples,  and  yet  is  strong  enough  to  drift  mate- 
rial along  the  bottom,  there  is  produced  on  the  surface  of  the 
beds  a  peculiar  banding  and  graining  in  the  line  of  its  move- 
ment. This  is  seen  to  so  great  perfection  in  some  thin-bedded 
flags,  as  to  show  the  direction  of  the  current  in  a  most  satis- 
factory manner ;  but  it  is  not  easily  recognised  in  such  rocks 
as  those  in  the  district  under  consideration. 

The  direction  of  the  current  can  also  be  most  satisfactorily 
ascertained  from  that  peculiarity  of  stratification  which  hajs 
usually  been  called  **  false-bedding."  A  single  bed  of  this  is 
shown  in  fig.  3. 

Fig.  8. 


Since  this  kind  of  structure  is  due  to  material  being  drifted 
along  on  the  bottom,  where  the  velocity  of  the  current  is  sufiB- 
cient  to  move  it  forwards,  until  it  arrives  at  a  place  where 
the  depth  becomes  so  much  more  that  this  velocity  is  so  re- 
duced that  it  can  move  it  no  farther,  I  have  proposed  for  it 
the  term  dW/if-bedding,  in  contradistinction  to  true  hori- 
zontal stratification,  formed  by  simple  deposition  without 
such  drifting,  and  to  ripple-drifting,  where  the  structure  has 
been  modified  by  the  formation  of  ripples.  I  object  to  the 
term/ab^-bedding;  because  it  would  be  quite  as  applicable  to 
the  bands  of  ripple-drift  (and  in  such  cases  it  is  not  fahe\ 
and  would  restrict  it  to  certain  cases  of  unconformable  junc- 
tion of  the  layers  of  beds,  neither  due  to  true  drift-bedding  or 
ripple-drifting,  but  which  may  be  truly  said  to  have  false 
atratifccoMon.  These  various  structures  are  entirely  distinct, 
and  should  most  certainly  be  known  by  different  names. 
Though  drift-bedding  is  usually  in  larger  beds-r-I  have  seen 
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some  upwards  of  25  feet  thiek;  yet  in  many  cases  their 
sise  is  no  greater  than  that  of  bands  of  ripple-diifb ;  bnt  then 
they  are  essentially  distinguished  by  the  facts,  that  each  bed 
of  drift-bedding  is  parallel  to  the  true  plane  of  stratification^  is 
independent  of  any  other,  and  may  exist  alone,  as  fig.  3 ; 
whereas,  in  ripple-drift,  each  is  inclined  to  it  at  an  angle,  as 
<i  &  c,  fig.  2,  and  can  only  occur  grouped  with  others.  The 
well  known  ripple-marks  are  those  particular  cases  of  ripple- 
drifb  where  circumstances  have  so  occurred  that  the  rippled 
surfaces  are  preserved.  In  very  many  rocks  this  is  an  excep- 
tion; and  they  have  only  so  influenced  the  structure  as  to  give 
rise  to  what  would  commonly  be  called  small  false-bedding,  or 
oblique  lamination.  My  ripple-drift,  therefore,  includes 
most  cases  of  ripple-marks^  and  much  more  besides  ;  in  fact, 
all  structures  due  to  their  action,  whether  their  perfect  upper 
surfaces  are  preserved  or  no. 

In  order  to  illustrate  the  production  of  drift-bedding,  I  have 
constructed  a  working  model,  which  I  exhibited  and  described 
at  the  late  meeting  of  the  British  Association  at  Cheltenham. 
In  it  the  action  of  the  current  is  represented  by  a  kind  of 
coarse  screw,  which  carries  forward  from  a  receptacle  a  mix- 
ture of  fine,  black,  specular  iron-sand  or  emery,  with  about 
four  times  its  bulk  of  coarser  white  quartz  sand,  as  if  it  was 
drifted  along  the  bottom  of  water  by  a  current ;  for  instance, 
from  a  to  &  of  fig.  3.  Arriving  at  the  point  when  it  can 
escape  from  the  action  of  the  screw,  like  when  the  current 
can  carry  it  no  farther,  as  at  ft,  it  is  thrown  down  on  a  slope, 
at  the  angle  of  rest,  as  at  &,  c.  By  turning  the  screw  alter- 
nately, quickly  and  slowly,  the  heavy  fine  black  and  light 
coarser  white  sand  become  sorted,  and  form  distinct  stratula, 
visible  dirough  the  glass  front,  just  such  as  are  produced  by 
fluctuations  in  the  velocity  of  the  current ;  whereas,  if  it  is 
turned  round  at  a  uniform  rate,  no  such  distinct  thin  stra- 
tula are  formed ;  the  only  sorting  being  the  accumulation  of 
the  fine  particles  at  the  top,  and  the  coarser  at  the  bottom, 
precisely  as  is  invariably  found  to  be  the  case  in  natural  drift 
bedding.  When  due  allowance  is  made  for  the  smaller  value 
of  the  angle  b  c  d,  produced  by  subsequent  changes  that  have 
sometimes  taken  place  in  the  material,  so  as  to  cause  it  to 


Tertiary  Estuary  of  the  Me  of  Wight.  281 

occupy  less  space,  or  for  its  original  smaller  size,  that  occurs 
where  drift-bedding  is  tending  to  pass  into  the  horizontal- 
grained  structure  already  alluded  to,  it  is  found,  not  only 
that  the  general  appearances  thus  artificially  generated  are 
precisely  like  those  found  in  the  natural  rocks,  but  all  the 
minute  details  so  entirely  correspond,  that  the  manner  in 
which  drift-bedding  has  been  produced  can  admit  of  no  doubt 
whateyer,  nor  that  we  may  confidently  rely  on  it  for  deter- 
mining the  direction  of  the  currents,  as  will,  I  am  sure,  be 
admitted  by  all  who  have  seen  the  model  in  action.  Such 
are  now  made  by,  and  may  be  procured  of,  Messrs  Chadbum 
Brothers,  opticians,  She£Seld. 

As  will  at  once  appear  from  what  I  have  said,  the  direction 
from  which  the  current  came  is  opposite  to  that  to  which  the 
stratula  dip,  allowance  of  course  being  made  for  any  disturb- 
ances that  may  have  subsequently  occurred.  This,  as  well 
as  that  of  the  ripple-drift,  is  often  easily  determined  and  mea^ 
sured  in  ancient  deposits,  and  thus  the  exact  point  from  which 
the  current  came  is  known.  Modem  cases  would  lead  us  to 
expect  that  there  would  be  considerable  variation  in  difierent 
parts  of  a  bed  in  the  same  locality,  though  formed  under  the 
same  general  conditions.  This  is  what  is  found  te  occur  in 
older  rocks ;  but  then,  by  ascertaining  the  directions  in  various 
parts,  and  taking  their  mean,  the  average  is  known,  which  is 
the  fact  required.  For  these  structures,  due  to  the  action  of 
currents,  I  propose  the  general  term,  ''current-structures;'' 
and  have  adopted  the  following  symbols  to  represent  them, 
which  are  of  very  great  use  in  describing  the  characters  of 
rocks.  I  have  chosen  them  from  such  types  in  common  use 
as  do  actually  somewhat  resemble  each  particular  kind,  so  as 
to  be  more  easily  remembered. 

For  <<  level-bedded,"  (a  dash)      ....  — 

For  **  ripple-drifted/'  (a  section)  .  .  co^ 

For  "  drift-bedded,"  (symbol  for  angle)  Z 

By  using  these  symbols  the  character  of  a  bed  of  rock  is 
easily  expressed,  by  writing  them  in  the  order  in  which  the 
amount  of  each  kind  of  structure  exists  in  it. 

All  these  various  current  structures  may  often  be  most  con- 
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veniently  studied  in  progreBS  in  dear  riTon;  and  in  wet 
weather  in  the  streams  running  by  the  side  of  oonntry  roads, 
that  are  mended  with  sandy  material;  and  when  these  are 
dried  up,  the  most  instructive  examples  of  all  of  them  may  be 
observed,  and  their  intimate  structure  ascertained,  by  cutting 
into  them.  In  those  actually  in  progress,  the  relation  between 
the  configuration  of  the  channel,  the  current,  and  the  struc- 
tures produced  by  it,  may  be  readily  seen ;  and,  when  dried  up, 
we  may  see  that  the  current-structures  clearly  show  the  direc- 
tion of  the  previous  current,  and  that,  if  the  confining  banks 
were  to  be  removed,  they  would  also  indicate  their  general 
direction  in  the  most  satisfactory  manner.  We  may  likewise 
readily  observe  the  fact,  that  when  sand  is  thus  drifted  along, 
in  cases  where  we  can  see  it,  one  or  other  of  the  structures  is 
invariably  produced ;  and  that  thus,  by  one  or  other,  accord- 
ing to  the  circumstances  of  the  case,  the  direction  of  the  cur- 
rent could  be  ascertained ;  and  when  we  cannot  inspect  it,  it 
is  only  reasonable  to  conclude  that  the  same  causes  produce 
the  like  effects.  Now,  in  ancient  deposits,  we  have  clear  proof 
that  the  material  of  which  they  are  composed  must  have  been 
transported  by  some  current ;  and  when  we  examine  the  rock, 
we  find  these  structures  in  all  their  detail ;  and  hence  I  think 
the  conclusion  necessarily  follows,  that  from  them  its  direc- 
tion can  be  satisfactorily  determined.  I  need  scarcely  re- 
mark, that  the  facts  I  have  so  far  referred  to  occur  where 
material  is  drifted  along  the  bottom,  and  not  where  fine  mud 
is  first  held  in  suspension  in  water,  and  then  subsides  through 
it  by  mere  gravitation.  The  rate  at  which  this  takes  place 
would  prevent  any  but  very  fine  grains  being  transported  far 
by  that  means  by  water  of  no  great  depth.  Many  of  the  strata 
in  the  district  under  consideration  appear  to  have  been  thus 
formed,  when  the  cun*ents  were  not  such  as  could  drift  for- 
wards the  coarser  particles  of  sand ;  but  the  coarser  grained 
have  the  current-structures,  as  if  accumulated  by  the  drifting 
of  material  along  the  bottom,  and  it  is  to  these,  as  showing 
the  directions  of  the  currents,  that  my  remarks  will  be  con- 
fined in  this  paper. 

If  the  current  be  simple,  and  move  only  in  one  direction, 
though  there  may  be  a  considerable  range  of  variation,  yet 
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the  cnrrent-stnietares  will  sbow  that  it  waa  only  from  one 
side ;  whereas,  if  it  be  oscillating,  as  doe  to  the  rise  and  fall 
of  the  tide,  or  to  the  action  of  stranding  waves,  it  will  be 
found  that  they  indicate  a  movement  forwards  and  backwards 
along  a  particnlar  mean  line.  The  character  of  the  stmctnre 
in  this  case  will  be  seen  from  fig.  4 — 

Fig.  4. 
From  U&gnMUii  UmMtODs  dmt  TickhlU.     Beal*  t\  n't.  lin. 


where  the  arrows  show  from  which  side  the  corrent  came 
for  each  bed ;  bnt  if  there  had  not  been  an;  snch  oscilla- 
tioD  of  the  corrent,  the  stratula  would  have  dipped  to  one 
side  in  every  part,  in  the  manner  shown  in  fig.  b.  The 
same  facts  are  also  seen  with  respect  to  ripple-drift ;  there 
being  in  one  case  bands  of  such  a  structure  as  to  indicate  a  sim- 
ple current  from  one  side,  like  fig.  2,  and  in  the  other  alterna- 
tions of  those,  showing  it  to  have  been  first  from  one  side  and 
then  from  the  opposite.  By  examining  what  occurs  in  simple 
currents,  like  those  of  rivers,  it  is  eas;  to  see  that  the  material 
is  deposited  only  on  one  side  of  the  ripples ;  whereas,  in  oscil- 
lating, like  those  of  waves,  it  is  seen  to  be  deposited  first  on 
one  side  and  then  on  the  other,  and  thus  gives  riae  to  ripples 
of  a  peculiar  kind,  having  portions  with  stratula  dipping  in 
opposite  directions,  as  may  be  seen  by  cutting  into  such  on 
a  beach,  and  as  are  so  often  met  with  in  older  deposits ;  and  I 
think  there  cannot  be  the  slightest  doubt  that  the  same  must 
occur  when  cirumstances  are  such  that  drift-bedding,  like  fig. 
4,  is  produced  by  oscillating  currents.  It  does  not,  indeed, 
necesBarily  follow,  or  is  it  at  all  likely,  that  each  set  of  oppo- 
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site  stratula  was  dae  to  a  single  wave  or  tide ;  but  the  most 
probable  conciasion  is,  that  each  bed  was  produced  during  a 
much  longer  interval,  when  the  oscillating  currents  caused  a 
preponderance  of  action  in  one  or  other  direction,  in  accord- 
ance with  what  I  describe  farther  on,  when  treating  on  tem- 
porary deposition.  That  drift-bedding  or  ripple-drifting,  with 
the  stratula  in  different  parts  dipping  alternately  in  opposite 
directions,  does  really  prove  that  the  currents  were  oscillatingy 
in  my  opinion  admits  of  no  doubt,  and  cannot  be  explained 
in  any  other  manner,  on  strict  experimental  and  general  me- 
chanical principles.  On  the  contrary,  such  a  structure  as 
that  shown  in  fig.  5  indicates  as  conclusively  that  none  but 
simple  currents,  moving  only  in  one  direction,  were  instru- 
mental in  producing  it,  though,  of  course,  it  is  possible  that 
occasionally  some,  too  gentle  to  move  the  deposits,  might  flow 
in  an  opposite  direction.  It  may  be  well  here  to  remark,  that 
the  delta-like  form  in  which  drift-bedding  and  ripple-drifling 
are  often  accumulated,  may  cause  an  apparent  indication  of 
oscillation  where  such  is  not  really  the  case,  if  the  section  be 
cut  in  particular  directions,  and  care  be  not  used  in  examin- 
ing them ;  in  the  same  manner  as  we  might  be  led  to  conclude 
that  a  rock  dips  in  a  very  different  direction  to  what  it  ac- 
tually does. 

The  Magnesian  limestone,  in  the  south  of  Yorkshire,  has 
furnished  me  with  a  most  excellent  example  of  oscillating  cur- 
rents. Those  due  to  the  tide  are  extremely  regular  over  a 
space  of  twenty-five  miles  in  a  direction  across  the  currents 
which  I  have  explored  very  thoroughly ;  and  in  no  place  out 
of  several  hundred  localities  are  there  any  simple  currents 
without  oscillation.  The  upper  bed  of  the  Millstone  Grit  in 
South  Yorkshire  and  North  Derbyshire  is,  on  the  contrary,  a 
good  illustration  of  a  simple  current  very  uniform  over  a 
similar  space,  without  any  merely  simple  oscillation,  as  if  it 
had  been  such  a  wind-drift  current  as  is  described  in  my 
paper  on  the  Physical  Geography  of  the  Old  Red  Sandstone  Sea 
of  the  Central  District  of  Scotland.*  Indeed,  the  carboniferous 
and  Permian  rocks  of  this  district  afford  most  excellent  oppor- 

*  £dinburgh  Philoflopbical  Jottrna^  rol.  iii.,  p.  112,  Jftn.  1866. 
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tunities  for  this  study ;  and  when,  in  roaming  over  my  native 
hills,  I  see  such  thousands  of  most  excellent  examples  of  all 
the  structures  I  have  described,  both  in  the  act  of  being 
formed  in  the  modem  streams  and  rivers,  and  as  existing  in 
the  older  rocks,  I  am  utterly  amazed  that  scarcely  any  one 
but  myself  should  have  entered  on  this  field  of  inquiry,  and 
can  only  account  fov  it  by  supposing  that  geologists  have 
generally  been  too  intent  in  studying  the  organic  remains  to 
pay  attention  to  the  no  less  important  physical  structures  of 
the  rocks.  That  these  will,  however,  on  careful  examination^ 
yield  very  valuable  and  instructive  facts  is  my  most  firm 
belief. 

It  is  best  to  ascertain  the  direction  and  relative  amount 
from  each  side  in  oscillating  currents ;  because  the  facts  of 
not  being  equal  or  opposite  are  of  much  importance  in  decid- 
ing several  points  of  great  interest.  In  order  to  represent  the 
oscillation  of  currents,  I  use  the  mathematical  symbol  for 
"  varies  as,*'  viz.,  a  ,  which  appears  to  me  extremely  well 
suited  for  the  purpose.  If,  then,  there  was  oscillation  from 
north  to  south,  and  south  to  north,  I  express  it  thus — ^N.  oc  S.; 
which  is  to  be  read,  ^<  north  oscillating  with  south."  If  the 
number  of  observations  from  each  side  be  written,  their  rela- 
tive amounts  are  also  seen.  For  instance,  if  the  oscillation 
was  from  N.  20°  W.  to  S.  30°  E.,  with  20  observations  from 
one,  and  10  from  the  other,  I  represent  it  thus — N.  20°  W.,  20 
obs.  a  S.  30°  E.,  10  obs. 

I  trust  that  I  have  now  explained  these  general  princi-* 
pies  sufficiently  for  the  purpose  more  immediately  before 
us.  My  main  argument  may  be  summed  up  as  follows: — The 
examination  of  modem  seas,  estuaries,  and  rivers,  shows  that 
there  is  a  distinct  relation  between  their  physical  geography 
and  the  currents  present  in  them  ;  currents  so  impress  them*- 
selves  on  the  deposits  formed  under  their  influence  that  their 
characters  can  be  ascertained  from  those  formed  in  the  ancient 
periods :  therefore  their  physical  geography  can  be  inferred 
within  certain  limits. 

It  is  most  important  that  a  clear  distinction  should  be  made 
between  the  temporary  deposition  and  the  permanent  accu- 
mulation of  deposits.     If  the  bottom  of  the  water  on  a  sandy 

NEW  SEBIB8. VOL.  V.  NO.  11. APRIL  1857.  Z 


286  On  the  Phtfsieal  Oeography  of  the 

coast  on  which  waves  are  breaking  be  examined,  where  the 
depth  is  such  that  it  may  be  seen  through  the  clear  water, 
an&  the  waves  act  on  the  deposits,  the  sand  may  be  seen  to 
be  carried  over  the  ripples  towards  the  shore  as  the  crest  of 
each  wave  passes,  and  back  from  it  as  each  hollow  moves 
over  it.  In  this  manner  the  sand  is,  for  the  short  time,  often 
deposited  with  considerable  velocity,  but  is  only  moved  back- 
wards and  forwards.  If  the  sea  be  not  rough,  the  peculiar 
properties  of  low  long  waves  advancing  to  shallow  water 
cause  the  sand  to  be  drifted  more  to  than  from  the  coast ;  and 
hence,  for  the  time,  there  is  a  temporary  accumulation.  If, 
however,  there  be  a  rough  sea,  with  large,  high  waves,  capable 
of  moving  the  deposits  at  a  greater  depth,  and  more  equal  in 
their  action  to  and  from  the  coast,  the  material  thus  accumu- 
lated is  carried  farther  out  from  it,  to  be  again  brought  in 
during  another  calm  period.  In  both  these  cases  there  can- 
not, I  think,  be  any  doubt  that  the  ultimate  structure  of  the 
sand  would  show  the  action  of  an  oscillating  current,  and 
would  also  indicate,  in  many  cases,  a  rapid  deposition;  and  yet 
there  might  be  no  permanent  addition  to  the  material,  and  no 
permanent  accumulation  during  an  indefinitely  long  period. 
But  if  a  change  in  depth»by  subsidence,  or  some  other  altera- 
tion in  physical  geography,  should  occur,  so  that  material 
might  be  deposited  quite  out  of  the  influence  of  the  subsequent 
action  of  the  currents,  there  might  be  a  permanent  accumula- 
tion of  strata ;  and  since  such  would,  in  all  probability,  hare 
been  formed  during  some  extraordinary  storm,  when  the 
waves  acted  at  an  unusual  depth,  their  structure  might  indi- 
cate a  rapid  depoMionj  whilst  there  might  have  been  a  very 
$low  permanent  accumulation^  which  would  perhaps  include 
an  indefinitely  long  period,  where  no  such  permanent  accumu- 
lation took  place.  Though  we  cannot  readily  examine  what 
goes  on  in  deep  water  out  of  the  influence  of  surface  waves,  yet 
it  appears  to  me  only  reasonable  to  conclude  that  the  same 
kind  of  facts  occur  with  respect  to  tidal*  currents,  whose  velo- 
city has  been  ascertained  by  observation  to  be  often  such  as 
would  produce  the  various  current  structures.  Indeed,  it  is 
well  known,  and  is  frequently  mentioned  in  *'  sailing  direc- 
tions," that  the  chief  changes  in  the  form  and  position  of 


Tertiary  Estuary  of  the  Isle  of  Wight  287 

shoals,  and  the  depth  of  the  water,  are  due  to  extraordinary 
high  tides,  produced  daring  storms  by  the  combined  action  of 
the  wind  and  ordinary  tide.  We  may  therefore,  I  think, 
conclude,  that  when  any  permanent  accumulation  takes  place, 
it  will  often  indicate  an  unusual  rate  of  deposition  of  mate- 
rial, which  it  may  have  taken  ages  to  accumulate  in  some 
situatioii  from  which  it  was  remoTcd,  and  permanently  fixed 
in  another  locality  during  some  storm.  When  thus,  how^ 
ever,  permanently  preserved  from  subsequent  changes,  I  think 
it  is  only  legitimate  induction  to  suppose  that  its  ultimate 
structure  would  indicate  the  direction  and  nature  of  the  cur* 
rents  present  during  its  deposition,  whether  they  be  simple  or 
oscillating,  or  of  such  characters  as  to  give  rise  to  one  or 
other  of  the  current  structures  already  described,  according 
to  the  circumstances  of  the  case. 

In  inquiries  like  the  present,  it  is  necessary  to  take  into 
account  the  unequal  amount  of  winds  from  different  quarters 
of  the  compass.  In  this  part  of  the  world  the  resultant  mean 
is  nearly  W.S.W,,  and  the  violent  gales  are  far  more  common 
from  the  west  side  of  north  and  south  than  from  the  east.* 
The  size  of  waves  produced  by  the  action  of  the  wind,  as  is 
well  known,  depends  on  its  strength,  and  on  the  time  and  dis- 
tance that  it  has  acted  on  the  water.  If,  then,  a  place  in  a  sea 
be  so  situated  that  the  distance  to  the  coast  on  the  east  was 
equal  to  that  to  the  west,  the  stronger  and  more  general  west 
'  winds  would  cause  the  largest  and  most  prevalent  waves  in 
that  locality  to  be  those  due  to  the  western  winds,  which,  of 
course,  would  move  in  the  same  direction.  But  if  the  distance 
to  the  east  coast  was  very  much  greater  than  to  the  west,  the 
less  violent  eastern  winds,  blowing  over  a  greater  expanse  of 
water,  would  give  rise  to  larger  and  more  effective  waves  than 
the  stronger  western,  acting  over  a  less  space.  These  facts 
may  easily  be  observed  by  any  one  on  the  eastern  coast  of 
England,  and  are  constantly  taken  into  account  by  mariners ; 


*  See  Sir  W.  Snow  Barris'  Report  on  the  observations  of  the  winds  at  De- 
▼onport  and  Greenwich  in  the  British  Association  Report  for  1844,  p.  241 ; 
Maury's  Physical  Geography  of  the  Sea,  and  his  Wind  and  Tide  Charts ;  and 
Johnston's  Physical  Atlas,  ftni  edition.  Meteorology,  Map  No.  8. 
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and  they  are  of  great  importance  in  tbe  subject  under  consi- 
deration. 

As  before  remarked,  the  organic  remains  in  the  upper  Ter- 
tiaries  of  the  Isle  of  Wight,  clearly  indicate  that  they  were 
deposited  in  an  estuary  at  the  mouth  of  a  great  riyer.  In  such 
a  case,  judging  from  what  occurs  now,  we  should  expect  to  find 
shoals  with  deeper  tidal  channels  between  them  ;  for  instance, 
like  those  shown  by  a  chart  of  the  mouth  of  the  Thames. 
The  action  of  the  tide  causes  such  shoals  to  be  elongated  in 
the  line  of  the  axis,  and  to  run  more  or  less  closely  in  the  di* 
rections  of  the  currents.  In  studying,  then,  an  ancient  estu* 
ary,  the  chief  points  to  be  determined  are, — ^what  was  the  line 
of  its  axis,  which  way  it  opened  into  the  sea,  and  the  position 
of  the  shoals.  In  this  communication  I  shall  confine  myself 
almost  entirely  to  the  application  of  the  physical  principles  I 
have  described,  and  must  refer  to  well-kno¥ni  publications  for 
the  general  geological  structure.  On  the  accompanying  map 
(Plate  IV.),  the  directions  of  the  currents  in  the  yarious  lo- 
calities are  shown  by  the  arrows,  and  the  relatiye  amount  from 
each  side  by  their  length.  An  inspection  of  it,  I  think,  at  once 
shows  that  the  axis  of  the  estuary  in  this  locality  ran  from 
near  W.  by  N.  to  E.  by  S.,  and  that  there  was  a  considerable 
shoal  in  the  part  included  in  the  dotted  line ;  as  preyed  by  the 
currents  there  being  perpendicular  to  the  axis,  in  accordance 
with  the  principles  iJready  described.  This,  I  think,  com- 
pletely  explains  why  the  sections  at  Alum  Bay  and  White- 
cliff  Bay  differ  so  much  from  one  another ;  for  one  is  through 
a  shoal,  and  the  other  through  deposits  formed  in  a  deeper  tidal 
channel. 

It  will  now,  perhaps,  be  best  to  describe  some  of  the  facts  at 
each  part,  and  to  giye  the  actual  means,  which  are  represented 
on  the  map  by  arrows.  All  the  bearings  are  to  true  north. 
Commencing  in  Whitecliff  Bay,  and  referring  to  the  admirable 
sections  of  Frestwich  (Quarterly  Journal  of  Geological  Society, 
yol.  ii.,  Plate  ix).,  I  was  unable  to  detect  any  eyidence  of  cur-* 
rents  in  the  lowest  part  till  coming  to  the  upper  portion  of  the 
"  Bognor  Beds."  Passing  upwards,  there  are  alternations  of 
beds  showing  current  structures  with  others  that  do  not.  How- 
eyer,  the  yerticaUty  of  the  strata  renders  it  impossible  to  as- 
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certain  their  direction  with  great  accoracj ;  but,  so  far  as  I 
could  determine,  they  were,  in  the  marine  beds,  on  an  average, 
N.  37^  R,  oc  S.  37°  W.,  in  some  cases  more  from  N.E.,  and  in 
others  S. W.,  but  on  the  whole  more  from  N.E.  These  are  shown 
on  the  map  by  the  arrows  numbered  (1) ;  and  the  others,  de- 
ecribed  below,  will  be  numbered  to  correspond  in  the  same 
manner. 

(2.)  When  we  come  to  the  horizontal  and  more  fluviatile  beds, 
the  directions  can  be  ascertained  with  sufficient  accuracy. 
They  were  N,  64°  K,  47  obs.,  oc  S.  60**  W.,  13  obs.,  being  the 
means  of  the  means  for  the  various  beds,  which  do  not  vary 
much.  These  results  do  not  differ  materially  from  those  in 
the  lower  beds ;  so  that  I  think  we  are  warranted  to  conclude 
that  the  general  line  of  oscillation  was  so  similar  for  the  whole 
period  as  to  prove  that  no  coast  or  shoal  was  formed. 

(3.)  In  the  limestone,  on  the  coast  north  of  St  Helen's,  we 
have  N.  83"*  W.,  16  obs.,  oc  S.  72°  E.,  11  obs. ;  whilst  in  a  small 
bed  of  sandstone  I  found  indications  of  a  shoal,  but  not  suffi- 
cient to  determine  the  directions  with  accuracy. 

(4.)  In  the  quarries  at  Binsted,  S.  50°  E.,  15  obs.,  oc  N.  42° 
W.,  15  obs.  The  tidal  action  here  was  much  the  most  strongly 
marked  in  the  lower,  more  quartzose,  sandy  portion. 

(5.)  East  of  Cowes,  S.  74°  E.,  7  obs.,  oc  N.  72°  W.,  4  obs. 

(6.)  Hampstead  Hill,  S.  73°  E.,  3  obs.,  oc  N.  60°  W.,  3  obs. ; 
but  the  currents  here  were  generally  very  feeble,  and  there  is 
seldom  evidence  of  any. 

(7.)  Near  Lymington,  S.  70°  W„  15  obs.,  a  N.  73°  K,  14 
obs. 

(3.)  In  the  beds  above  the  Barton  Clay,  near  Hordle,  N.  63° 
W.,  36  obs.,  «  S.  56°  E.,  29  obs.,  being  the  means  of  the  means 
of  the  various  beds,  which  do  not  differ  much  from  each  other. 

(9.)  I  could  not  make  out  any  current  structures  in  the 
Barton  Clay,  but  below  it,  near  Muddiford,  N.  76°  E.,  13  obs., 
QcS.  74°W.,  5ob8. 

These  various  means,  as  will  be  seen  from  the  map,  do  not 
differ  from  one  general  direction  more  than  would  be  likely 
to  occur  from  the  interference  of  shoals  and  other  causes ;  and, 
of  course,  allowance  must  be  made  for  slight  errors  of  obser- 
vation ;  because  it  is  not  always  possible  to  see  so  many  good 
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cases  of  current  structures,  as  to  give  a  perfectly  correct  mean. 
I  think  it  cannot  be  doubted  that  the  whole  of  those  I  hare 
given  are  axial  oscillations.  The  means  of  the  means  of  those 
in  the  fluvio-marine  deposits,  vis. — Nos.  2,  3,  4,  6,  6, 7  and  8, 
are  S.  77°  K,  126  obs.,  oc  N.  78°  W.,  101  obs.  These  may  be 
relied  on  as  sufficiently  exact ;  but  the  direction  of  the  cur* 
rents  at  the  period  of  the  lower,  more  purely  marine,  deposits 
can  be  determined  in  so  few  instances,  and  then  not  in  a  sa- 
tisfactory manner,  so  that  it  cannot  be  known  nearly  so  well 
as  could  be  wished*  However,  so  far  as  I  could  ascertain,  it 
was  N.  68''  E.,  <x  S.  56^  W. ;  certainly  most  from  the  former. 
This,  then,  is  not  exactly  parallel  to  the  other,  but  intersects  it 
at  an  angle  of  40°;  being  more  to  the  S.W.  than  the  other.  Al- 
though I  cannot  rely  on  it  fully,  yet,  since  the  same  facts  are 
indicated  at  each  locality,  and  there  are  several  other  reasons 
that  tend  to  confirm  it,  I  think  it  will  be  best  to  conclude,  provi* 
sionally,  that  the  line  of  axis  of  the  marines  was  not  exactly 
the  same  as  that  of  the  fluvio-marines. 

In  the  '^mottled  clays"  in  Alum  Bay,  as  was  the  case  at 
Whitecliff  Bay,  I  could  find  no  current-structures ;  nor  till 
coming  to  the  centre  of  the  "  Bognor  Beds."  There  I  saw 
evidence  of  a  current  from  near  east,  which  would  agree  well 
enough  with  the  general  axial  direction.  Passing  upwards  to 
the  ''  lower  division  of  the  London  Clay"  of  Frestwich's  sec- 
tion, in  the  beautiful  striped  sands  and  clays,  it  is  difficult  to 
tell  the  directions  accurately  on  account  of  the  verticality  of 
the  strata ;  but  I  concluded  that  they  were  somewhere  about 
S.  18°  E.,  oc  N.  18°  W.,  in  nearly  equal  proportions.  In  the 
more  horizontal  *'  Headon  Hill  Sands"  the  directions  can  be 
ascertained  with  sufficient  accuracy,  and  I  there  found  them  to 
be  S.  28°  E.,  13  obs.,  «  N,  32°  W.,  12  obs.  (No.  10  of  the  map), 
or  closely  the  same  as  in  the  beds  below.  These  directions 
are  inclined  at  89°  to  the  line  of  the  axis  for  the  marines,  as 
given  above,  or  almost  exactly  perpendicular.  This,  then,  ap- 
pears clearly  to  indicate,  in  accordance  with  the  principles  al- 
ready described,  that  the  currents  were  those  due  to  wind- 
waves  stranding  on  a  shoal  or  coast.  I  therefore  oonclude 
that  there  was  a  shoal  here,  running  in  the  line  of  the  axis,  as 
shown  by  the  broken  line  on  the  map. 
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(11.)  The  means  of  the  meaae  in  the  various  beds  of  the 
fluvio-marines  of  Headon  Hill  to  Sconce  Pointy  are  S.  2T  W., 
66  obs.,  Qc  N.  18"*  R,  41  obs. 

(12.)  In  the  limestone  near  Oalboume,  S.  2''  W.  25  obs.,  and 
N.  2°  K,  14  obs. 

These,  it  will  be  seen»  are  nearly  perpendicular  to  the  axial 
line.  The  means  of  both,  (via.,  of  11  and  12)  are  S.  12*  W., 
90  obs.,  <x  N.  lO''  E.,  65  obs.,  which  are  inclined  at  89^  to  the 
axial  line  of  the  fluvio-marines,  or  almost  exactly  perpendicu- 
lar. This  would  agree  with  the  supposition  that  there  was 
still  a  shoal,  but  that  its  direction  was  not  exactly  the  same 
as  at  the  period  of  the  marines,  but  had  changed  to  that  of  the 
fluvio-marine  axis,  as  shown  by  the  dotted  line  on  the  map. 
If  such  wa^  the  case,  and  when  there  were  no  high  winds  to 
produce  waves  of  material  size,  if  there  was  a  general  axial 
current  due  to  a  river,  we  might  expect  to  find  indications  of 
it,  even  on  part  of  the  shoal.  Such,  indeed,  is  the  fact ;  for  I 
found  cases  where  there  were  beds  or  stray  bands  showing 
such  a  current,  and  giving  a  mean  of  N.  TO""  W.,  from  10  obs., 
or  within  10°  of  the  axis,  which  is  as  near  as  could  be  expect- 
ed from  the  nature  of  the  case.  This  is  shown  by  the  small 
arrow  at  (11)  of  the  map. 

It  appears  to  me,  therefore,  that,  in  the  part  now  constitut- 
ing the  western  end  of  the  Isle  of  Wight  there  was  either  a 
coast  or  shoal.  So  far  as  the  directions  of  oscillation  are  con- 
oemed,  either  supposition  would  agree  with  the  facts;  but 
there  are  reasons  for  supposing  it  was  a  shoal.  Unfortu- 
nately, there  now  remain  no  Tertiary  deposits  on  its  south 
side,  so  that  this  could  be  decided  by  an  examination  round 
it  (in  the  manner  I  have  been  able  to  do  in  the  case  of  the 
Milesian  limestone  in  South  Yorkshire) ;  but  it  appears  to 
be  a  decided  fact,  that  on  the  whole  there  was  very  consider- 
ably more  material  carried  from  the  south  than  from  the 
north,  as  though  the  effects  of  the  oscillating  currents  had 
been  greater  from  the  south  side.  This  would  agree  perfectly 
with  what  would  occur  if  the  waves  came  from  the  south ;  be- 
cause mathematical  investigations,*  and  my  own  observations, 

*  &«•  ProfMtor  StokM'  paper  i&  Cam.  Pbil.  Trans.,  voL  tIU.  p.  446. 
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show  that  there  is  a  considerably  greater  effective  force  in  the 
line  of  a  wave's  movement  under  its  crest,  than  backwards 
below  the  depression.  Besides  this,  if  the  line  of  the  shoal  at 
the  period  of  the  lower  marines  was  as  I  have  given  above, 
the  deposits  at  Whitecliff  Bay  and  Barton  would  be  on  oppo- 
site sides  of  it,  and  hence  there  could  scarcely  have  been  a 
genuine  coast-line.  It  is  these  considerations  that  lead  me 
to  infer  that  it  was  a  shoal,  cast  up  by  the  action  of  waves, 
proceeding  chiefly  from  the  south ;  and,  since  the  currents  in 
the  lowest  part  of  the  marines  are  axial,  it  should  appear 
that  the  period  of  its  first  production  was  during  the  '*  lower 
division  of  the  London  Clay ''  of  Prestwick's  section,  or  just 
where  the  difference  between  the  strata  here  and  at  Whitecliff 
Bay  becomes  so  remarkably  apparent,  and  it  continues  up- 
wards to  the  upper  part  of  that  division^  In  the  ''upper 
division  of  the  London  Clay  "  I  could  find  no  indication  of  a 
current,  and  the  inference  I  draw  is,  that  the  depth  was  then 
too  great  for  the  waves  to  move  the  deposits  at  the  bottom  ; 
but  when  we  come  to  the  '*  Headon  Hill  Sands,"  it  was  so 
diminished  that  the  same  shoal-action  is  again  met  with. 

As  stated  above,  the  probable  line  of  the  axis  for  the  rise 
and  fall  of  the  tide  in  the  lower  marines  is  from  E.N.E.  to 
W.S.W.  The  number  of  observations,  and  the  extent  of  the 
district  I  have  examined,  are  not  sufficient  to  enable  me  to 
pronounce  for  certain ;  but  the  facts,  so  far  as  they  go,  dis* 
tinctly  point  to  the  conclusion,  that  the  sea  communicated 
with  the  main  ocean  of  the  period  on  the  east  side ;  for  this 
would  account  for  the  excess  of  force  being  from  that.  Be- 
sides this,  if  it  had  opened  to  the  west,  the  great  excess  of 
storm  surface-waves  from  that  side,  produced  by  the  prevail- 
ing W.S.W.  winds,  would  have  caused  the  line  of  shoal  oscil- 
lation to  have  inclined  considerably  towards  it ;  whereas  the 
evidence  is  that,  if  anything,  the  contrary  was  the  fact. 
These  suppositions  would  agree  very  well  with  the  great  ex- 
tension of  the  deposits  of  this  period  over  central  and 
southern  Europe,  right  into  Asia. 

Now,  I  think  one  cannot  fail  to  be  struck  with  the  remark- 
able parallelism  between  this  line  of  tidal  oscillation  and  that 
of  the  elevation  of  the  older  rocks  from  Bath  to  Cambridge, 
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which  is  almost  exactly  parallel  to  it ;  as  though  the  coast  to 
the  north-west  that  determined  the  line  of  movement  of  the 
tide  was  related  to  that  direction  of  elevation.  It  also  dis- 
tinctly points  to  the  fact  of  the  Wealden  elevation  not  having 
then  occurred,  in  accordance  with  what  is  proved  by  other 
phenomena.  In  the  same  manner,  the  line  of  axis  of  the 
flnvio-marines  is  very  similar  to  that  of  those  repeated  move- 
ments that  have  effected  the  south  coast  of  England,  running 
from  a  little  north  of  west  to  south  of  east,  viz. : — 

In  Devonshire,  after  the  Carboniferous,  and  1  «  g^o  ^  *"^' 
before  the  Permian  period,        ,         .J    * 

In  Dorsetshire,  after  the  Oolitic,  and  before  )  g  ggo  ^ 
the  Cretaceous  period,       .         •         .      j    * 

In  the  Isle  of  Wight  and  Wealden  district,  1  w  x^  g  oi)0  ^ 
after  the  Tertiary  period,  .         .      j     * 

Axis  of  the  fluvio-marine  Tertiaries,  as  de- 1 
duced  above,  after  the  Chalk,  but  before  >  S.  7^""  E. 
the  conclusion  of  the  lower  Tertiary  period,  J 

It  should  therefore  appear,  that  after  the  formation  of  the 
lower  marine  Tertiaries  a  gradual  movement  took  place,  in  a 
direction  similar  to  what  has  thus  repeatedly  occurred  in  this 
part  of  England,  so  as  to  cut  off  the  sea  to  the  south,  give  rise 
to  a  new  line  of  axis,  and  determine  the  existence  of  the  estu- 
ary of  the  fluvio-marines  by  the  crossing  of  the  two  lines  of 
elevation  named  above,  in  precisely  the  same  manner  as  that 
of  the  Thames  of  the  present  period  was  produced  by  the  in- 
tersection of  the  first  named  line  of  elevation  with  that  of  the 
Wealden  district.  That  this  elevation  and  change  of  line  of 
axis  during  the  lower  Tertiary  period  were  gradual,  is,  I  think, 
indicated  by  the  absence  of  any  decided  break  in  the  strata, 
and  by  the  fact  that  the  beds  intermediate  between  the  two 
portions  give  an  intermediate  line  of  oscillation.  I  think  the 
evidence  leads  to  the  conclusion,  that  the  shore  thus  produced 
was  considerably  south  of  the  Isle  of  Wight ;  but  perhaps 
some  change  occurred  also  north  of  it ;  and  indeed,  though 
the  facts  do  not  prove  it,  yet  they  in  many  respects  render  it 
probable  that  the  line  of  elevation  of  the  Wealden  was  par- 
tially  developed  at  the  same  time.    (See  figs.  6  and  7.) 
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These  concIuBions  would  agree  with  the  supposition  that  the 
river  came  from  the  west,  and  of  this  I  think  Uiere  is  good  phy- 
sical proof.  In  the  more  purely  fluviatile  deposits  at  the  west- 
em  part  of  the  Isle  of  Wight  and  in  Hampshire,  ihe  amount  of 
action  from  the  west  side  is  to  that  from  the  east,  on  an  ave- 
rage as  3 : 2 ;  and  the  axial  currents  over  the  shoal  in  the  Isle 
of  Wight  are,  so  far  as  I  saw,  all  from  the  west,  as  if  the 
river  came  from  that  side.  Moreover,  the  &ict  of  the  surface- 
wave  oscillations  on  the  shoal  being  so  nearly  perpendicular 
to  the  axial  tidal  currents,  could  not,  I  think,  be  accounted  for 
more  satisfactorily  than  by  supposing  that  there  was  land  to  the 
south  and  west  to  protect  the  water,  so  that  the  more  violent 
gales  from  that  side  should  blow  over  such  a  smaller  surface 
of  sea,  that  the  waves  in  the  district  under  consideration 
should  not  be  so  great  as  those  produced  by  the  less  violent 
easterly  winds  blowing  over  a  larger  expanse  of  water.  On 
the  whole,  then,  I  think,  it  may  be  concluded  that  the  river 
came  from  the  west ;  and  though  I  have  wished  to  throw  the 
purely  physical  data  into  the  front  of  the  battle,  does  not  the 
distribution  of  the  organic  remains  agree  equally  well  with 
this  supposition  \ 

It  will  now,  perhaps,  be  well  to  consider  some  of  the  facts  con- 
nected with  the  actions  present  during  the  period  of  the  fluvio- 
marines.  Though  I  have  shown  that  the  oscillation  of  the  cur* 
rents  very  strongly  indicates  tidal  action,  yet  it  mu3t  not  be 
thoughtthatit  was  present  all  along  in  any  considerable  amount. 
In  fact,  the  evidence  is,  that  in  many  cases  it  was  nearly,  if 
not  entirely,  absent ;  for  very  often  the  strata  furnish  no  in- 
dication of  any  current  of  importance.  It  is  an  extremely 
common  fact  to  find  at  the  mouth  of  a  large  tidal  river  more 
or  less  of  a  bar,  formed  by  the  interfering  action  of  the  river 
and  tide.  This  would,  of  course,  to  a  certain  extent,  keep  out 
the  sea-water,  and  impede  the  tidal  action  in  ordinary  cases,  so 
that  the  water  above  it  might  generally  be  more  or  less  fresh, 
and  not  subject  to  currents  of  material  velocity.  However,  in 
unusual  storms  from  seawards,  an  extraordinary  rise  of  tide 
might  occur,  and  produce  such  currents  as  would  wash  up  deposits 
formed  under  more  fluviatile  conditions,  and  generate  current 
structures  related  to  the  axial  line.    We  might  also  expect 
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that,  is  tbe  progress  of  changes  occarring  over  a  long  period, 
the  oonfigarafcion  of  the  eetoary  would  vary  in  such  a  manner 
as  to  caose  the  extent  of  tid&I  action  to  differ  very  materiall;. 
The  pfaysical  stracture  of  the  flario-marine  deposits  under 
consideration  agrees  very  well  with  these  asppositions,  and  bo, 
I  think,  do  the  characters  and  distribution  of  the  organic  re- 
mains. 

If  I  am  right  in  inferring  that  there  was  a  ahoal  as  de- 
scribed above,  and  not  a  cooat  line,  in  the  western  part  of  the 
Isle  of  Wight,  it  is  difficult,  if  not  impossible,  to  ascertain  the 
dimenuone  of  the  estuary,  because  its  soathem  boondary  has 
been  remoTed.  Nevertheless,  to  explain  why  the  shoal  was 
Uirown  Dp  by  waves  from  the  south,  I  think  we  must  conclude 
that  the  south  coast-line  was  as  far,  or  farther,  from  it  than 
the  north,  and,  if  so,  the  breadth  of  tbe  estuary  must  have 
been  at  least  15  or  20  miles,  or  somewhere  about  the  sise  of 
that  of  tbe  Thames  east  of  the  Isle  of  Shoppy.  Notwithstand- 
ing this,  it  would  appear  that  the  dimensions  of  the  liver 
were  such  as  to  keep  the  water  in  general  more  or  less  fresh ; 
and  though  there  are  difficulties  in  the  way  of  forming  an  ac- 
curate conclusion,  yet  I  think  we  cannot  but  infer  that  to  do 
this  a  river  much  larger  than  any  now  running  in  Britain 
would  be  required.  I  have  already  shown  that  there  is  evi- 
denoo  that  land  existed  to  the  south,  west,  and  north ;  and  if 
a  great  river  came  from  the  west,  I  think  tbe  inference  is, 
that  it  was  of  considerable  extent,  and  that  its  drainage  ran 
into  the  sea  through  the  tertiary  estuary  of  the  Isle  of  Wight, 

These  general  conclusions  will  be  bet- 
ter understood  from  the  accompanying  ^' 
figures,  which  are  only  intended  as  dia-  B 
grams  to  illustrate  the  general  condi-  1 
tions,  and  are  not  professed  to  be  m<Hre  1 
than  first  approximations,  for  reasons  p 
already  given. 

Fig.  6  shows  the  direction  of  the  rise 
and  fall  of  the  tide  at  the  first  period, 
before  the  estuary  was  formed,  the  line 
of  coast  that  would  give  rise  to  that 
direction,  and  the  Alum  Bay  shoal. 
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Fig.  7  shows  the  direction  of  the  es- 
tuary at  the  period  of  the  flayio-marine 
strata,  with  the  line  of  the  rise  and  fall 
of  the  tide,  and  the  shoal  in  its  altered 
position.  The  change  from  the  first  to 
the  latter  condition  was  not  sudden,  as 
is  proved  by  the  directions  of  the  cur- 
rents in  the  intermediate  beds  being  intermediate,  as  de- 
scribed above ;  but  yet  it  does  not  necessarily  follow  that 
it  was  uniformly  slow  and  gradual.  These  facts,  and  the  ver* 
ticality  of  the  strata  in  Alum  and  Whitecliff  Bays,  render  it 
difficult  to  ascertain  the  exact  period  of  the  change.  In  the 
vicinity  of  Barton  it  appears  to  have  occurred,  so  that  the 
second  line  of  axis  was  fully  established  when  the  strata  just 
above  the  Barton  Clay  were  deposited ;  whereas  in  Alum  Bay 
this  was  not  the  case  until  the  period  of  the  upper  portion  of 
the  Headon  Hill  marls  and  limestones ;  as  though,  like  the 
passage  from  marine  to  freshwater  conditions,  the  change  had 
progressed  from  the  west  towards  the  east.  When  completely 
formed,  the  general  mean  line  of  the  axis  of  the  estuary  does 
not  appear  to  have  varied  much ;  though  its  configuration  may 
nevertheless  have  changed  very  materially ;  its  depth,  and  the 
position  of  its  bounding  coasts,  may  have  undergone  great  al* 
terations.  Indeed,  the  alternation  of  beds  of  different  physical 
character,  independent  of  what  is  learned  firom  the  study  of 
the  organic  remains,  in  my  opinion  clearly  indicates  that  such 
changes  did  occur;  but  these  might  have  been  very  consider- 
able, and  yet  the  mean  line  of  axis  might  have  remained  near- 
ly the  same.  For  instance,  in  the  case  of  the  present  estuary 
of  the  Thames,  if,  by  subsidence  or  other  changes,  it  was  to  be 
extended,  so  as  to  comprise  the  whole  of  the  London  Tertiary 
basin  up  to  the  range  of  the  Chalk,  so  as  to  cover  the  whole  of 
the  triangle  included  between  Norwich,  Hungerford,  and  Can- 
terbury, we  should  have  a  very  great  change  in  geography ; 
so  much  so  as  to  produce  a  total  alteration  in  the  nature  of 
the  materials  accumulated  in  many  parts  of  the  present  estu- 
ary :  and  yet  the  mean  line  of  aaia  would  not  be  materially 
different  from  what  it  is  now.  In  the  case  of  that  in  the  Isle  of 
Wight,  now  under  consideration,  it  appears  to  me  to  be  a  ques- 
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tlon  of  examination  of  facts  to  decide  whether  this  was  so  or  not. 
The  best  evidence  in  this  respect  that  I  know  is  that  derived 
from  a  comparison  of  the  directions  of  the  currents,  as  observed 
in  the  various  strata  seen  in  the  section  along  the  coast  from 
Barton  to  Milford.  Dividing  the  means  into  three  groups, 
for  the  lower,  middle,  and  upper  beds,  we  have  for  the  lower, 
N.  68°  W.,  16  obs.,  a  S.  69°  E.,  15  obs.i  middle,  N.  68°  W., 
16  obs.,  oc  S.  5P  E.,  10  obs. ;  upper,  N.  69°  W.,  13  obs.,  oc  S. 
66°  E.,  11  obs. ;  which  agree  so  closely  as  to  show  that  no 
material  change  in  the  line  of  the  axis  had  occurred.  There 
is  also  a  similar  agreement  in  the  section  at  Whitecliff,  and 
in  the  highest  beds  at  Hampstead  Hill ;  though  the  current 
was  so  gentle  that  its  direction  cannot  be  determined  well 
there. 

It  appears  to  be  very  probable,  that  over  the  shoal  already 
described  the  depth  could  not  have  been  above  a  very  few 
fathoms,  and  it  might  even  in  part  have  sometimes  consti* 
tuted  dry  land ;  which  would  account  for  the  greater  abun- 
dance of  land  shells  in  the  limestone  of  the  western  part  of 
the  Isle  of  Wight.  A  most  careful  examination  of  the  distri- 
bution of  the  organic  remains,  in  connection  with  the  physical 
structure,  would  indeed  be  very  instructive,  but  would  require 
much  time  and  attention.  I  have  confined  myself  as  much  as 
possible  to  purely  physical  data;  but  at  the  same  time  I 
think  that  the  facts  deduced  from  them  will  agree  with  many 
of  the  leading  conclusions  with  respect  to  the  distribution  of 
the  various  organic  remains.  For  instance,  the  deeper  marine 
character  of  the  lowest  beds ;  the  absence  of  shells  in  the 
"  lower  division  of  the  London  Clay  "  of  Prestwick's  section 
at  Alum  Bay,  and  their  presence  at  the  same  horizon  in 
Whitecliff  Bay ;  and  the  more  marine  character  of  the  fossils 
in  beds  at  Whitecliff,  which  are  equivalent  to  those  that  are 
almost,  or  entirely  fluviatile  north  of  Alum  Bay.  However,  I 
must  leave  the  detail  of  this  part  of  the  subject  to  those  who 
are  far  more  capable  than  myself  of  doing  it  justice. 

As  illustrating  some  facts  of  importance  in  connection  with 
the  Tertiary  deposits,  perhaps  it  would  be  well  to  mention 
some  of  the  phenomena  I  have  observed  in  the  Drift-Sand  and 


298  Dr  T.  Starethill  Wright  on 

gravel  in  Hampshire,  from  Lymington  to  Christchnrch.  The 
line  of  tidal  oscillation  was  S.  W  W.,  49  obs^  ct  N.  86'^  E., 
24  obs.  In  accordance,  then,  with  the  principles  already  de- 
scribed, this  would  lead  us  to  infer  that  the  line  of  coast  that 
directed  the  currents  ran  nearly  east  and  west,  and  that  the 
tide  came  from  the  west  side.  There  is  no  difficulty  in  seeing 
that  this  was  really  the  fact ;  for  the  direction  of  the  chalk 
hills  to  the  south  in  the  Isle  of  Wight  is  within  S"'  or  lO""  of 
being  parallel  to  it,  the  difference  agreeing  with  what  would 
be  produced  by  action  of  the  line  of  the  chalk  to  the  north ; 
and  we  may  consider  it  almost  certain  that  the  tide  came  from 
the  west  side.  This  close  agreement  between  the  general 
physical  geography  indicated  by  the  current  structures,  and 
that  which  other  facts  prove  must  have  been  the  case,  tends, 
I  think,  to  inspire  us  with  considerable  confidence  in  apply- 
ing the  same  general  principles  to  determine  that  of  earlier 
periods. 


On  Hydrnetinia  Eckinata,   By  T.  Strethill  Wbight,  M.D., 
Fellow  of  the  Boyal  College  of  Physicians,  Edinburgh.  * 

Xxplanation  of  Plate*. 
Plats  V. 
Fig.  L  Disgnun  showing  th«  variow  polypoid  fonnt  obBenred  on  the  (female) 
polypary — a,  spiral  polyp^ft,  reproductive  polyp— «,  alimentary 
polyp— d,  sessile  ovary — e,  tentacular  polyp. 

2.  Solid  grooved  papilla  of  coral]  am. 

3.  Hallow  papilla  of  ooraUnm. 

4.  Ideal  section  of  the  extremity  of  one  of  the  propagative  stoloDS — a, 

"  colletoderm'' — h,  corallum — e,  ectoderm — d,  endoderm. 

5.  Spermatic  capsule  of  reproductive  polyp  of  male  polypary— «y  ecto> 

derm — h,  muscular  coat — e,  endoderm — d,  gelatinous  plasma,  in 
which  spermatozoa  are  developed. 
6*  Ovarian  capsule  of  reproducUve  polyp  of  female  polypary — a,  ectoderm 
— 6,  muscular  coat— «,  endoderm— <<,  ova. 

7.  Fecundated  ovum  segmented  by  yelk  cleavage. 

8.  Larva  studded  with  motionless  "  palpocils/' 

9.  Toung  polypary  and  polyp. 

10.  Spiral  polyps  covered  with  large  thread««ells. 

11.  Large  and  small  thre«d*cells. 

*  Communicated  to  the  Royal  Physical  Society  of  Edinburgh,  Kov.  26, 1856. 
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Plate  VI. 

Fig.  12.  Young  palypsry  attached  to  side  of  tank,  showing  tubular  net-work  of 
the  endoderm. 
13.  Diagram  showing  tlie  situation  of  spiral  p<^jp*  •>  and  tentaeular 
polyps  b. 

1.  In  rock  pools  left  exposed  by  the  retiring  tide  on  the 
shores  of  the  Frith  of  Forth,  numerous  Paguri,  or  hermit  crabs 
are  found,  inhabiting  old  turbinate  shells,  formerly  occupied 
by  yarious  species  of  Buccinum  and  Fusus.  The  rough  and 
worn  surfaces  of  these  shells  also  form  convenient  homes  for 
a  great  variety  of  animals,  and  frequently  afford  a  strange 
scene  of  thronged  and  busy  life.  In  the  spring  they  present 
the  naturalist  with  a  rich  field  for  observation.  He  will  find 
the  fixed  and  blind  Balani,  hidden  in  their  mailed  armour, 
winnowing  the  water  with  their  fan-like  cirri,  and  vomiting  forth 
swarms  of  bright-eyed  and  actively  swimming  larvse.  There 
the  Spio  incessantly  tosses  about  her  long  arms  ;  the  Serpula 
expands  its  many-coloured  branchial  plumes ;  Lepralia  and 
other  Polyzoa  display  their  vase-like  crowns  of  ciliated  tenta- 
cles ;  and  forests  of  Zoothamnium  (an  arborescent  vorticella 
resembling  a  miniature  sea-fan)  extend  their  branches  and 
wheel-bearing  heads,  or  quickly  coil  up  their  writhing  stalks 
in  a  compact  ball  at  the  approach  of  danger.  All  these,  and 
many  other  forms  of  life,  hurried  through  the  water  on  the 
house  of  the  scrambling  crab,  doubtless  profit  by  the  constant 
renewal  of  the  vital  element,  and  partake  of  the  good  fare 
enjoyed  by  the  eremite  within. 

2.  One  of  the  most  frequent  co-tenants  of  the  abode  of  the 
Pagurus  is  the  Hj/draethua  echinata.  Shells  infested  by  this 
zoophyte  appear  to  be  covered  by  a  white  shaggy  fleece, 
which  consists  of  a  host  of  hydroid  polyps,  closely  aggre- 
gated together  as  the  stalks  in  a  field  of  corn. 

These  polyps  appear  to  be  carelessof  the  rough  motions  of  the 
crab,  and  wave  loosely  to  and  fro  as  it  jolts  along  over  the  rocks ; 
but  when  any  part  of  the  colony  is  rudely  touched,  the  whole  of 
the  polyps  contract  en  iMMae^  and  seem  to  sink  down  into  the 
substance  of  the  shell.  Aclose  exiuuination  shows  that  this  con- 
sentaneous action  on  the  part  of  the  polyps  is  caused  by  their 
being  all  developed  from  a  common  membranous  basis,  which 
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spreads  itself  in  a  continuous  thin  layer  oyer  the  shell,  and 
being  intimately  connected  with  their  tissues,  forms  a  bond  of 
sympathy  between  the  whole  assemblage. 

3.  The  subject  of  the  present  communication  is  by  no  means 
new  to  science.  It  has  been  treated  of  by  Fleming,  Johnston, 
Gray^  Oouch,  Hassall,  M'6illivray»  Van  Beneden,  and  espe- 
cially by  Quatrefages,  whose  monograph  on  this  zoophyte 
is  replete  with  interest.  After  reading  the  memoirs  of  these 
philosophers,  I  became  convinced  that  a  complete  conception 
of  the  morphology  of  Hydractinia  had  not  been  attained  by  any 
of  them.  This  I  had  previously  been  attempting  to  work  out 
by  the  examination  of  some  hundreds  of  specimens,  many  of 
which  had  existed  for  months  confined  in  glass  vessels,  and 
propagating  themselves  by  stolons  and  sexual  reproduction. 
The  conclusions  I  have  come  to  may  be  briefly  stated  as  fol- 
lows : — In  Hydractinia,  the  polypary,  or  common  connecting 
membrane  is  to  be  considered  as  an  individual  animal,  possess- 
ing alimentary  and  sexual  organs  polypoid  in  form.  Each 
polypary  is  unisexual  or  dioecious ;  male  and  female  organs 
being  never  situated  on  the  same  polypary,  or  on  the  same  shell  f 
The  polypary,  in  addition  to  its' alimentary  and  sexual  polyps, 
possesses  additional  organs  of  prehension  and  offence,  hitherto 
undescribed,  which  have  a  determinate  situation.  It  is  also 
furnished  with  corallum  or  skeleton,  which,  although  widely 
diffiering  in  form  from  the  coralla  of  other  hydroid  zoophytes, 
is  identical  with  them  in  chemical  composition  and  mode  of 
secretion. 

Anatomy  of  Hydractinia. 

4.  A  consideration  of  the  anatomy  of  Hydractinia  may  be 
conveniently  divided  into  three  parts : 

1st,  The  Corallum  or  polypidom,  the  horny  skeleton  of  the 
zoophyte. 
2d,  The  Polypary,  or  common  body. 
3d,  The  Polyps. 

The  Corallum* 

5.  The  Corallum  is  a  layer  of  transparent  amber-coloured 
chitine;  a  substance  having  the  consistence  of  horn,  but 
differing  from  it  in  chemical  composition.  It  closely  invests 
that  part  of  the  shell  inhabited  by  the  zoophyte.    Its  struc- 
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tore  is  very  dense  at  the  mouth  of  the  shell,  where  it  fre* 
quently  (as  remarked  by  Johnston)  forms  a  slight  extension 
of  the  whorl.  As  it  passes  backward,  it  gradually  takes  the 
form  of  a  fine  indurated  membrane  beset  with  spicules  of 
irregular  shape.  Delicate  and  transparent  casts  of  entire 
shells  are  thus  occasionally  formed,  which  maybe  removed 
uninjured  by  the  aid  of  consecutive  solutions  of  nitric  acid 
and  caustic  potask  I  have  placed  one  of  these  on  the  table  ; 
and  it  will  be  seen  that  the  surface,  with  all  its  parasitical 
growths,  is  ^pied  with  the  fidelity  of  the  electrotype.  Over 
the  more  exposed  parts  of  the  corallum,  the  chitine  rises  up 
in  the  form  of  thickly  set  papillae  or  spines,  which  have  their 
surfaces  furrowed  by  deep  longitudinal  grooves  (fig.  2).  The 
ridges  between  these  grooves  are  coarsely  lobed  or  serrated, 
and  after  passing  from  the  summit  to  the  bases  of  the  spines, 
traverse  the  corallum,  and  unite  with  each  other,  and  with 
the  ridges  of  the  neighbouring  papillse,  so  as  to  form  a  raised 
network,  intersecting  the  surface  in  every  direction.  The 
structure  of  many  of  the  spines  differs  somewhat  from  that 
above  described;  some  being  hollow  smooth  cones,  slightly 
grooved  or  reticulated  only  at  their  base  (fig.  3) ;  while  others 
have  their  ridges  pierced  everywhere  by  foramina,  and  united 
by  irregular  transverse  bands,  imtil  they  become  a  mere  fenes- 
trated structure  of  interlacing  fibres.  More  rarely,  we  find 
the  spines  here  and  there  fused  together  in  long  serrated  ridges, 
running  parallel  with,  or  fitting  into  each  other  in  a  variety 
of  intricate  patterns.  Quatrefages  has  described  the  corallum 
as  an  endoskeleton  deposited  in  the  substance  of  the  polypary, 
like  the  solid  axis  of  Gorgonia.  But  I  am  satisfied  that  his 
views  on  this  point  are  incorrect,  and  that  its  mode  of  secre- 
tion differs  in  no  essential  from  that  of  the  corallum  of  other 
hydroid  zoophytes. 

The  Polypary, 

6.  The  polypary  consists  of  a  layer  of  semi-transparent 
fleshy  matter  (either  colourless,  or  tinted  with  light  shades  of 
yellow,  buff,  or  pink),  which  invests  the  corallum,  and  fills 
up  the  grooves  of  its  papillae,  the  interstices  between  its  reti- 
culations, and  the  cavities  of  its  hollow  spines.  It  is  often 
absent  at  the  summits  of  the  papillae,  and  is  so  thin  over  their 
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ridges,  that  the  serratures  appear  through  it  as  fine  undu- 
lating lines. 

7.  The  Polypary  is  the  most  important  part  of  the  zoophyte. 
It  secretes  the  corallum,  renews  it  when  injured,  and  extends 
it  along  the  shelL  From  it  the  polyps  are  developed ;  and  it 
represents  the  trunk  by  which  the  whole  assembly  are  united 
to  form  a  single  plant-like  animal. 

8.  Quatrefages  states,  that  the  polypary  is  underlaid  by  a 
network  of  tubular  fibres,  which  pass  between  the  polyps,  and 
unite  their  alimentary  canals  with  each  other.  Jhe  existence 
of  this  structure  has  been  doubted  by  Dr  Johnston,  and  alto- 
gether denied  by  Van  Beneden ;  but  I  have  repeatedly  de- 
tected the  tubes  permea^ngr,  rather  than  underlying,  the  poly- 
pary, and  have  watched  their  development  day  by  day,  in 
portions  of  that  body  growing  over  a  transparent  surface. 

9.  In  the  less  exposed  parts  of  the  shell  the  polypary  fre- 
quently passes  beyond  the  papillary  corallum  as  a  thin  mem- 
branous expansion,  or  breaks  into  a  loose  network  of  delicate 
anastomosing  tubes,  which  traverse  every  cranny  and  furrow  of 
the  shell,  and  can  only  be  detected  after  their  tissues  have  been 
coagulated  by  immersion  in  alcohol.  On  these,  polyps  are 
developed  at  long  intervals ;  and  in  the  larger  tubes  an  inter- 
mittent circulation  of  shining  globules  may  be  detected  by 
the  aid  of  high  microscopic  power  and  direct  sunlight.  In 
specimens  which  have  been  long  kept  in  captivity  I  have  seen 
these  fibres  throw  up  thick  white  stolons  or  suckers,  tipped 
with  crimson,  some  of  which  have  attached  themselves  to 
the  sides  of  the  tank,  expanded  themselves  into  independent 
polyparies,  and  afterwards  put  forth  clusters  of  polyps.  The 
small  living  specimen  on  the  table,  of  which  fig.l2  is  a  draw- 
ing, has  been  propagated  in  this  way,  and  shows  Jbhe  tubular 
structure  of  the  polypary  in  an  admirable  manner. 

10.  The  life  of  the  polypary  is  not  dependent  on  the  pre- 
sence of  the  polyps.  Many  specimens  of  Hydractinia  occur 
in  the  winter,  in  which  the  polypary  exists  in  a  high  state  of 
development,  although  its  polyps  are  very  few  in  number,  or 
altogether  absent,  and  which  nevertheless  become  clothed 
with  these  organs  on  the  return  of  spring. 

11.  The  minute  anatomical  structure  of  the  polypary,  the 
nature  of  its  connection  with  the  corallum,  and  the  mode  of 
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secretion  of  the  latter,  cannot  readily  be  investigated  in  those 
specimens  of  Hydractinia  ivhich  are  parasitic  on  the  shell  of 
the  Pagorus,  as  the  zoophyte  is  broken  np  by  an  attempt  to 
remove  it  from  its  site.  A  better  opportunity  for  observation 
is  afforded  when  the  animal  has  extended  itself  along  a  trans- 
parent surface.  The  propagative  stolon  of  Hydractinia,  after 
leaving  the  point  of  its  origin,  increases  rapidly  in  diameter, 
and  throws  out  irregular  branches,  not  unlike  a  very  minute 
specimen  of  Tuhularia  larynx.  The  tips  of  these  branches 
are  covered  with  a  glutinous  cement,  by  which  they  attach 
themselves  tenaciously  to  glass  or  other  surface  near  them. 
Having  attached  themselves,  they  expand  laterally,  at  the 
same  time  throwing  out  finger-like  prolongations,  which,  as 
they  come  in  contact  with  each  other,  coalesce,  until  a  fleshy 
plate  is  formed  adherent  to  the  glass.  Polyps  are  deve- 
loped both  from  the  loose  branches  and  the  attached  poly- 
pary;  and  the  latter  is  clearly  seen  to  be  permeated  by  a 
beautiful  system  of  anastomosing  canals  (fig.  12)  connected 
with  the  hollow  bodies  of  the  polyps.  Within  these  canals 
may  be  detected  an  intermittent  flow  of  fluid,  containing  par- 
ticles, the  dancing  motion  of  which  indicates  the  presence  of 
ciliary  action,  and  which,  having  passed  in  one  direction  for 
a  short  time,  are  arrested,  and,  after  a  slight  period  of  oscilla- 
tion, eommence  to  flow  in  an  opposite  direction. 

12.  A  few  branches  of  one  of  the  tubular  stolons  was  sub- 
mitted to  a  microscopic  power  of  600  diameters.  They  were 
found  to  be  composed  (fig.  4),  as  is  the  polypary  of  every 
hydroid  zoophyte,  of  an  external  and  internal  membrane, — ^the 
"  ectoderm ''  (c),  and  "  endoderm  "  (rf)  of  Allman, — inclosed  in 
a  wide  tube  or  coraUum  of  transparent  chitine  (6).  At  the 
growing  extremities  of  the  branches  the  corallum  was  absent, 
and  its  place  supplied  by  an  epidermis  (a),  a  soft,  glutinous 
layer  closely  investing  the  ectoderm.*  Further  down  the 
branch  the  corallum  appeared,  secreted  by  the  ectoderm  be- 
neath the  epidermis,  by  which  last  substance  it  continued 

*  Thif  layer  which  I  have  called  the  '<  ooUetoderm/'  (jfWnmi  glutinator), 
is  oOQBtantly  found  covering  the  coralla  of  creeping  soophytet,  where  it  fr^ 
quenily  forms  a  coat  of  eonslderahle  thickness,  continued,  also,  as  in  Coryne, 
over  the  body  of  the  polyp. 
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coated,  and  from  which  it  derived  its  adhesire  property.  A 
delicate  chitinoas  inyestment  may  also  be  detected  on  the 
creeping  tabular  fibres  from  which  the  stolons  of  Hydractinia 
take  their  rise ;  bat  I  have  not  satisfied  myself  as  to  its 
presence  on  the  entire  apper  surface  of  adult  polyparies.  In 
specimens  of  Hydractinia,  howevery  growing  in  the  shell,  we 
find  that  the  spines  of  the  corallumi  although  varying  in 
shape  and  structure,  may  be  classed  in  two  divisions;  the  one, 
solid  and  deeply  grooved,  and  clothed  by  the  polypary  (fig.  2); 
the  other,  smooth,  conical,  and  hollow,  and  inclosing  a  process 
of  the  polypary  in  their  interior  (fig.  3). 

13.  From  the  above  observations,  I  conclude  that  the  poly* 
pary  of  this  zoophyte  consists  of  a  single  layer  of  endoderm» 
inclosed  between  two  layers  of  ectoderm.  That  the  lower 
ectodermic  layer,  as  it  grows  over  the  shell,  attaches  itself  by 
its  **  coUetoderm/*  and  secretes  the  homy  plate  of  the  coral- 
lum.  On  this  plate,  by  a  further  process  of  secretion  from 
the  lower  ectoderm,  the  grooved  spines  are  erected*  That 
the  upper  layer  of  the  ectoderm  is  naked  over  the  greater 
part  of  its  surface,  or  only  covered  by  a  thin  epidermis ;  but 
occasionally  this  layer  also  takes  its  share  in  the  secretion  of 
the  corallum,  and  in  that  event  produces  the  smooth,  conical 
spines,  the  concavity  of  which  it  fills. 

14.  I  have  been  unable  to  detect  the  existence  of  true  cells 
either  in  the  endoderm  or  ectoderm  of  the  polypary.  These 
membranes  appear  to  consist  essentially  of  structureless  modi- 
fications of  elemental  tissue,  more  or  less  vacuolated,  similar 
to  that  we  find  in  the  protozoa,  and  to  which  the  term  *'  sar- 
code  "  has  been  applied  by  Dujardin.  Accordingly,  we  find 
that  the  finger-like  processes  given  off  at  the  borders  of  the 
polypary  constantly  flow  into  each  other  when  they  meet, 
like  the  prolongations  of  sarcode  projected  from  the  pores  of 
the  Shizopoda,  or  the  outer  layer  of  Actinophrys. 

15.  The  walls  of  the  tubes  which  permeate  the  polypary  are 
frequently  loaded  with  the  coarse  granular  matter  of  a  brown- 
yellow  or  crimson  colour,  which  is  found  in  the  endodermic 
tissue  of  all  hydroid  polyps.  This  matter  has  been  considered 
by  some  authors  as  a  glandular  secretion  of  the  nature  of  bile« 
It  appears  to  me  to  be  identical  with  the  brown  matter  which 
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exists  in  the  bodies  of  many  of  the  Protozoa,  such  as  Vorticella 
campanulatay  and  which  in  other  species  of  the  same  genus  is 
replaced  by  a  substance  having  all  the  properties  of  chloro- 
phyll. In  the  Hj/dra  viridie^  also,  we  find  green  globules  pos- 
sessing the  chemical  reactions  of  chlorophyll  substituted  for 
brown  matter  in  the  endoderm.  Whaterer  purpose  this  granu- 
lar matter  may  serve  in  the  economy  of  the  hydroidtt,  it  al- 
ways occurs  in  excess  in  situations  where  the  vital  functions 
are  most  actively  carried  on ;  such  as  the  tips  of  growing  sto- 
lons»  the  alimentary  tubes  of  the  polyps,  and  the  ovaries  and 
spermatic  sacs. 

16.  The  Ectoderm  of  the  Polypary  contains  great  numbers 
of  the  highly  refractive  capsular  bodies  to  which  the  terms 
" tricho-cysts,"  "thread-cells,"  or  ** stinging  organs,"  have 
been  applied.  They  are  of  two  kinds  (fig.  11),  difiering  very 
distinctly  in  size ;  the  larger  exceeding  the  smaller  ones  by 
about  a  diameter  and  a  half.  In  shape  they  resemble  some- 
what a  grain  of  wheat,  being  respectively  flattened  and  slightly 
rounded  on  opposite  sides.  They  are  contained  within  small 
cells  in  the  ectoderm,  and  possess  dense  coats,  which,  under 
pressure,  burst  at  one  extremity,  and  protrude  a  four-barbed 
dart,  from  the  point  of  which  projects  a  long  stiflf  thread  or 
hair  (fig.  5).  These  thread-cells,  found  extensively  in  all 
classes  of  polyps  and  acalephs,  are,  I  have  no  doubt,  true  or- 
gans of  offence,  as  I  have  detected  numbers  of  them  plunged 
beyond  the  barbs  in  the  soft  bodies  of  worms,  rescued  from 
the  grasp  of  Hydra  wdgarU.  6ut.it  is  to  be  remarked,  that 
they  frequently  exist  in  situations  where  their  mischievous 
properties  are  rendered  innocuous  by  the  dense  coverings  un- 
der which  they  lie  bid.  Thus  we  find  them  congregated  in 
masses  on  the  polypary,  beneath  the  thick  corallum  of  Coryne 
fflanduloea  (Dalyell) ;  and  in  HdUdum  Beaniif  while  the 
naked  polyps  are  armed  with  unbarbed  thread-cells  of  the  most 
minute  and  simple  kind,  these  bodies  attain  a  giant  size  and 
formidably  spinous  development  of  the  thread  beneath  the  hard 
coverings  of  the  reproductive  capsules  and  the  corallum. 

The  Polyps. 

17.  The  polypoid  appendages  of  Hydractinia  are  of  five 
kinds  (fig.  1)  : — 
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1.  The   Alimentary  Polyps,  possessing  mouth    and  tenta- 

cles (c). 

2.  The  Reproductive  Polyps,  destitute  of  mouth,  and  having 

only  rudimentary  tentacles  (5). 

3.  The  Sessile  Ovisacs  and  Spermsacs  of  the  Polypary  {d). 

4.  The  Ophidian,  or  Spiral  Polyps  (a). 
5.  The  Tentacular  Polyps,  or  great  Tentacles  of  the  Poly- 
^  pary  {d). 

18.  The  Alimentary  Polyps, — ^These  organs,  which  repre- 
sent the  prehensile  and  digestive  systems  of  the  zoophyte,  first 
make  their  appearance  as  a  thickening  of  the  endoderm  in  one 
of  the  canals  of  the  polypary,  attended  with  a  copious  deposit 
of  red  granular  matter.  This  thickening  in  a  few  hours  rises 
from  the  surface  in  the  form  of  a  fleshy  stem,  on  the  summit 
of  which  an  oral  aperture  presently  appears  surrounded  by 
four  small  pullulating  tentacles.  When  perfectly  formed,  these 
polyps  are  about  half  an  inch  in  length,  club-shaped,  and  fur- 
nished with  from  eight  to  thirty  tentacles,  placed  in  two  alter- 
nating rows.  Those  of  the  upper  row,  which  are  about  twice  the 
length  of  the  lower  row,  are  held  nearly  parallel  with  each  other 
above  the  mouth,  while  the  lower  row  are  extended  atrightangles 
to  the  axis  of  the  body, — an  exaggerated  state  of  a  disposition 
frequently  observed  in  Sertularian  and  Campanularian  polyps. 
The  mouth  opens  into  a  buccal  cavity,  contained  within  a  more 
or  less  elongated  papilla,  which  rises  in  the  centre  of  the  circle 
of  tentacles.  This  papilla  is  exceedingly  distensible,  frequently 
expanding  itself  into  a  wide  discoid  sucker,  as  shown  in  the 
figures  of  Quatrefages,  and  even  folding  itself  backwards,  so  as 
to  conceal  the  tentacles,  and  completely  evert  the  body.  A 
similar  habit  has  been  observed  by  Dr  Coldstream  in  the 
polyp  of  dava^  and  by  myself  in  Coryne  ptisilla. 

19.  The  body  of  the  polyp  consists  of  the  same  elementary 
tissues  as  the  polypary,  with  the  addition  of  a  muscular  tunic, 
which  is  interposed  between  the  endoderm  and  ectoderm. 

20.  The  Ectoderm  of  the  alimentary  polyp  is  a  transparent, 
homogeneous  membrane,  containing  molecular  matter,  also 
transparent,  but  of  higher  refractive  power;  so  that  expansions 
of  this  tissue  have  a  finely-dotted  appearance  under  the  high* 
est  powers  of  the  microscope.  The  ectodermic  layer  also  con- 
tains multitudes  of  thread- cdls  of  the  smaller  kind^    These 
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are  amassed  in  the  greatest  numbers  at  the  upper  parts  and 
ends  of  the  tentacles.  Over  the  site  of  each  thread-cell  a  very 
delicate  soft  spine  or  cilium  may  be  observed  projecting  from 
the  ectoderm,  and  apparently  springing  from  the  thread-cell 
itself.  Similar  spines  exist  over  the  smaller  thread-cells  of 
Hydra  vulgaris^  and  those  of  Sertularian  and  Campanularian 
polyps.  Now»  when  the  thread- cells  of  these  hydroidae  are 
displaced  by  gentle  pressure,  so  as  not  to  burst  them,  they  are 
found  to  have  a  perfectly  smooth  contour.  Moreover,  the 
ectoderm  of  the  planarioid  larva  of  Hydraetinia  is  thickly 
studded  with  these  spines  before  any  development  of  threads 
cells  has  taken  place.  These  spines  also  occur  in  various 
tribes  of  the  mollusca;  for  instance,  on  the  very  adhesive 
tentacles  which  fringe  the  inner  edge  of  the  mantle  of  Lima, 
and  on  the  tips  of  the  branchial  papillae  of  Eolis.  I  am  led  to 
conclude,  therefore,  that  they  are  tactile  prolongations  of  the 
ectoderm,  analogous  to  the  prehensile  processes  of  Actino- 
phrys,  or  the  long  rays  of  Podophrya,  and  that  their  function 
is  probably  to  distinguish  and  seize  the  prey,  and  to  convey  the 
stimulus  necessary  to  effect  the  rupture  of  the  death-dealing 
thread-cells  immediately  beneath.* 

21.  The  Muscular  Coat  consists  of  a  layer  of  closely-set, 
ribbon-shaped  fibres,  passing  upwards  from  the  polypary  to 
the  tips  of  the  tentacles,  so  as  to  form  a  continuous  tunic  be- 
tween the  endoderm  and  ectoderm  more  transparent  than 
either.  It  shows  no  indications  of  transverse  striaa ;  but  it 
exercises  considerable  depolarizing  power  on  polarized  light, — 
a  property  possessed  by  both  striated  and  unstriated  muscular 
fibre.  There  can  be  little  doubt  that  all  the  tissues  of  the  polyp 
have  the  property  of  slow  contractability ;  but  the  muscular 
tunic  appears  to  be  specially  adapted  for  the  quick  withdrawal 
of  the  polyp  body  between  the  sheltering  spines  of  the 
corallum. 

22«  The  Endoderm  of  the  polyp  is  a  finely-granular  opa- 
lescent tissue,  darker  by  transmitted  light,  and  whiter  by  re- 
flected light,  than  the  ectoderm.  Its  appearance  differs  so 
remarkably  in  various  polyps  of  the  same  polypary,  that  the 

*  As  these  processes  have  not  heen  hitherto  noticed^  I  propose  to  distinguish 
them  by  the  appellation  of  "  palpocils." 
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observer  might,  with  Qnatrefages,  be  induced  to  represent  it 
as  a  compound  of  many  different  tissues.  In  its  simplest 
form,  as  it  generally  occurs  in  the  reproductive  polyps,  it  is  a 
structureless  membrane,  similar  to  the  ectoderm,  deeply  loaded 
with  coloured  granular  matter,  and  ciliated  on  its  internal 
surface.  In  other  polyps  the  endoderm  is  extensively  vacuo- 
lated, or  filled  with  cavities,  until  it  appears  to  consist  of  a  con- 
geries of  cells  of  every  variety  in  size.  In  a  third  class, 
again,  the  vacuolation  is  still  more  extensive.  Here  the  mem- 
brane has  the  appearance  of  being  split  into  two  layers,  one 
of  which  forms  an  intestinal  tube,  occupying  the  axis  of  the 
body,  while  the  other  lines  the  muscular  tunic ;  the  two  being 
intimately  connected  by  an  areolar  network  of  fibres,  or  septa, 
or  irregular  cells.  The  endoderm  of  the  tentacles  possesses  a 
similar  variety  in  structure.  I  have  not  been  able  to  satisfy 
myself  of  the  existence  of  a  canal  in  their  interior. 

The  internal  surface  of  the  endoderm  has  the  function  of 
nutrition  ;  its  external  surface  that  of  reproduction. 

23.  The  Reproductive  Polypoid  Organs  (fig.  1.  &),  male  and 
female,  are  always  situated  on  separate  unisexual  polyparies. 

24.  The  Male  Polyp  is  smaller  than  the  alimentary 
polyp.  The  buccal  cavity  and  mouth  appear  to  be  absent ; 
but  I  have  occasionally  seen  the  place  of  the  latter  marked 
by  a  whitish  spot,  through  which  I  have  succeeded  in  forcing 
the  contents  of  the  intestine.  The  tentacles  are  merely  small 
protuberances,  thickly  studded  with  the  larger  thread-cells, 
which  bodies  also  occur  over  the  whole  surface  of  the  polyp. 
The  parietes  of  the  body  consist  of  the  same  three  elements 
as  that  of  the  alimentary  polyp.  Their  middle  third  is 
dilated  into  a  sac,  from  which  numerous  diverticulse  protrude, 
to  form  spermatic  capsules  (fig.  5).  The  endoderm  of  the  sac 
and  capsules  is  richly  ciliated,  and  loaded  with  brown  granular 
matter ;  and  between  all  the  communicating  cavities  a  con- 
stant circulation  of  fluid,  charged  with  globules  of  sarcode, 
takes  place  with  a  powerful  rotatory  turmoil.  At  first,  all  the 
coats  of  the  capsules  are  in  close  apposition  to  each  other ; 
but,  as  they  increase  in  size,  the  endoderm  {e)  becomes  widely 
separated  from  the  other  coats,  by  the  secretion  from  its  outer 
surface  of  a  dense  transparent  gelatinous  matter.  The  trans- 
parency of  this  matter,  after  a  time,  becomes  obscured  by  the 
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formation  within  it  of  innumerable  minute  celk,  from  each  of 
which  a  single  spermatozoon  is  presently  developed.  After  a 
time,  the  endodermic  layer  of  the  capsules  having  been  re- 
duced by  absorption  to  a  mere  linear  core  of  brown  matter 
occupying  the  axis  of  the  capsule,  and  the  spermatic  mass 
having  become  liquid  and  white,  the  latter  is  at  last  evacu- 
ated from  an  opening  in  the  summit  of  the  capsule,  and 
descends  through  the  water  as  an  expanding  cloud. 

25.  The  Female  Polyp  resembles  the  male  in  its  form  and 
the  development  of  its  generative  capsules.  But  at  an  early 
stage  of  the  development  of  the  capsule,  from  four  to  nine  ova 
make  their  appearance  between  the  endoderm  and  the  other 
coats,  in  place  of  the  gelatinous  matter  secreted  in  the  cap* 
sules  of  the  male  polyps  (fig.  6).  These  ova,  at  first  consisting 
of  a  small  transparent  vitellus,  containing  a  germinal  vesicle 
and  germinal  spot,  become  of  an  opaque  yellow,  white,  or 
crimson  colour,  by  the  granulation  of  the  yoke,  and  rapidly 
enlarge,  until  the  female  polyp  is  almost  hidden  under  the 
mass  of  immense  ovaries  with  which  it  is  burthened. 

26.  The  Sessile  Generative  Sacs  of  the  polypary  are  deve- 
loped from  the  tubes  of  the  polypary  itself.  They  resemble 
exactly  those  of  tjie  reproductive  polyp,  and  contain  ova  and 
spermatozoa  in  the  polyparies  of  difierent  sexes. 

27.  Three  kinds  of  reproduction  may  be  observed  to  obtain 
amongst  the  hydroid  zoophytes : — 1st,  Po^ypipqirou^,  where  the 
young  is  discharged  from  the  ovarian  capsule  in  the  complete 
form  of  a  polyp,  as  in  Tubularia ;  2d,  Larviparous^  where 
the  young  are  bom  as  ciliated  planarioid  larvce,  as  in  Glava, 
or  simple  unciliated  germ-masses,  as  in  Coryne,  afterwards 
becoming  polypoid ;  and  Sdly,  OviparotM^  where  true  ova  are 
discharged  from  the  ovarian  sacs,  and  the  subsequent  changes 
into  planarioid  and  polypoid  forms  take  place  after  their  leav- 
ing the  parent  zoophyte,  as  in  the  subject  of  this  paper. 

28.  In  Hydractinia,  the  ova,  after  extrusion  from  the 
ovary,  and  their  having  undergone  fecundation  by  the  sper- 
matic fluid  of  a  male  polypary,  become  segmented  (as  in  fig. 
7)  by  the  usual  process  of  yelk-cleavage,  and  are  trans- 
formed into  transparent  fleshy  masses,  in  which  may  be  detected 
the  rudiments   of  the  endodermic  and  ectodermic  tissues. 
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These  masses  presently  become  developed  into  taper  cones 
(fig.  8),  which  attach  themselves  by  their  bases,  travel  along 
the  surface  of  the  glass  in  which  they  are  kept,  and  congre- 
gate on  the  side  next  to  the  light,  like  a  forest  of  tiny  masts. 
They  consist  of  an  ectoderm,  destitute  of  thread-cells,  but 
thickly  studded  with  the  soft  spines  I  have  before  mentioned 
(19),  and  tenaciously  adhering  to  any  body  brought  in  con- 
tact with  them ;  and  of  an  endoderm, — crimson,  granulated, 
and  not  vacuolated,  inclosing  a  cavity  which  occupies  the 
axis  of  the  cone  along  its  whole  length.  Many  of  these  larre 
have  lived  for  several  weeks  with  me  without  undergoing  anj 
further  change;  others  have  in  a  few  days  been  developed 
into  small  four- ten tacled  polyps  (fig.  9),  and  protruded  creep- 
ing tubes  from  their  base, — ^the  rudiments  of  the  future  poly- 
pary. 

29.  Quatrefages  has  figured  the  male  or  sperm  capsule  of 
Hydractinia,  and  mistaken  it  for  a  reproductive  ''bulbil.' 
Johnston  also  falls  into  a  similar  blunder.  Van  Beneden, 
again,  has  described  the  male  and  female  polyparies  as  dis- 
tinct species,  under  the  name  of  Hydractinia  lactea  and 
rosea. 

30.  The  Ophidian^  or  Spiral  Polype  (fig.  1,  a,  fig.  10,  and 
fig.  13,  a).  I  can  scarcely  express  the  surprise  I  felt  on  dis- 
covering these  remarkable  organs.  I  was  examining  a  speci- 
men of  Hydractinia,  from  which  the  crab  had  been  removed, 
when  I  found  a  number  of  bodies,  like  small  white  snakes^ 
closely  coiled  in  one,  two,  or  three  spirals,  and  grouped  imme- 
diately round  the  mouth  of  the  shell  (fig.  13,  a).  These 
bodies,  when  touched,  only  drew  their  folds  more  closely 
together.  But  if  any  part  of  the  polypary,  however  distant 
from  them,  was  irritated,  the  spiral  polyps  uncoiled,  ex- 
tended, and  lashed  themselves  violently  backwards  and  for- 
wards, and  then  quickly  rolled  themselves  up  again;  and  that 
not  irregularly  or  independently  of  each  other,  but  all  together, 
and  in  the  same  direction,  as  if  moved  by  a  single  spring.  A 
violent  laceration  of  the  polypary  caused  these  polyps  to  re- 
main extended  and  stretched  like  a  waving  and  tremulous 
fringe  across  the  mouth  of  the  shell  for  several  minutes*  The 
Ophidian  Polyps  (evidently  a  barren  modification  of  the  re- 
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productive  polyp)  are  never  found  in  any  other  Bituation  on 
the  polypary  than  in  that  before  described,  or  round  the 
margins  of  accidental  holes  in  the  shell.  They  have  no 
mouth,  and  the  tentacles  are  rudimentary.  The  walls  of  the 
•body  are  very  transparent,  from  the  extreme  vacuolation  of 
the  endoderm.  The  muscular  coat,  as  might  be  expected 
from  the  active  movements  of  the  polyps,  is  highly  developed, 
and  forms  a  beautiful  object  on  the  dark  polarized  field  of 
the  microscope,  each  spiral  coil  shining  out  as  a  bright  double 
ring,  divided  by  four  dark  sectors.  The  ectoderm  of  the 
whole  body  and  tentacles  is  crowded  with  the  larger  thread- 
cells.  The  ophidian  polyps  are,  I  doubt  not,  organs  of  de- 
fence or  offence,  like  the  motile  spines  and  bird's-head  pro- 
cesses of  the  Polyzoa,  or  the  pedicellarisa  of  the  Echino-der- 
mata ;  but  I  am  unable  to  assign  a  reason  for  their  peculiar 
situation.  They  vary  much  in  number  and  size  in  different 
specimens  of  Hydractinia,  but  are  rarely  altogether  absent. 

31.  The  Tentacular  Polyp — (fig.  1  ^,  andfig.13  b). — ^Not  less 
surprising  than  the  polyps  last  described  are  these,  the  great 
tentacles  of  the  polypary.  When  a  specimen  of  Hydractinia 
is  allowed  to  rest  suspended  in  a  glass  jar  of  water,  these  organs 
are  extended  to  a  distance  of  three,  four,  or  even  five  times 
the  length  of  the  alimentary  polyps,  and  hang  down,  loosely 
floating  in  the  water,  like  the  thread-like  tentacles  of  the  long- 
armed  hydra.  They  are  found  on  the  outskirts  of  the  poly- 
pary, and  on  each  side  of  the  long  diameter  of  the  mouth  of 
the  shell,  so  that  they  must,  in  their  natural  condition,  reach  to 
the  ground,  and  enable  the  zoophyte  to  seize  food  scattered 
there  by  the  feeding  crab.  The  tips  are  covered  with  a  dense 
pavement  of  the  larger  thread-cells ;  and  a  few  of  the  same 
bodies  are  thinly  scattered  along  their  whole  length.  As  far 
as  I  know,  no  organ  analogous  to  them  exists  in  any  other 
hydroid  zoophyte.    They  have  not  been  hitherto  described. 

32.  In  our  consideration  of  the  subject  of  this  communica- 
tion, our  attention  is  arrested  by  the  multitude  of  objects 
grouped  together  to  constitute  a  single  animal,  their  variety  in 
form,  and  the  sympathy  which  subsists  between  the  different 
parts.  The  singular  spinous  skeleton;  the  expanded  mem- 
brane of  the  polypary,  with  its  beautiful  internal  network  of 
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tubes  and  delicate  peripheric  prolongations ;  the  alimentary 
polyps,  some  white  and  filiform,  others  thick,  fleshy,  crimson, 
or  yellow  sacs,  obligingly  everted,  to  expose  their  interior  to 
our  microscopic  eye  ;  the  reproductive  polyps,  with  their  richly- 
coloured  generative  sacs ;  the  sessile  generative  organs  of  ihe 
polypary ;  the  ophidian  polyps,  coiled  in  neat  spirals  when  at 
rest,  but  starting  into  furious  action,  like  a  row  of  well-drilled 
soldiers,  when  injury  is  inflicted  on  the  body  to  which  they  are 
attached ;  and  lastly,  the  tentacular  polyps,  floating  in  the 
water  like  long  and  slender  threads  of  gossamer,  or  dragging  up 
heavy  loads  of  food  for  the  common  good ;  these,  together  with 
the  intimate  relation  and  sympathy  subsisting  between  the 
polypary  and  its  associated  organs ;  all  combine  to  form  an 
object  of  the  highest  interest,  and  indicate  that  in  this  fixed, 
yet  travelling  soophyte  we  have  a  type  of  structure  transitional 
between  the  dendritic  hydroidse  and  the  more  highly  organised 
acaleph.  In  the  simplest  acalephoid  form,  such  as  the  medusoid 
of  Gampanularia  (which  is  nothing  more  than  an  extension 
of  the  polypary  specially  organized  for  independent  and  mo- 
tile life),  we  have  (as  in  Hydractinia)  an  expanded  polypary, 
represented  by  the  umbrella,  and  permeated  by  vascular  tubes, 
from  the  confluence  of  which  last  spring,  at  the  centre^  the 
single  alimentary  polyp;  at  the  periphery  the  tentacular  polyps, 
various  in  number ;  and  between  them  the  reproductive  polyps, 
represented  by  the  sessile  generative  sacs.  In  the  higher 
Rhizostomes  we  find,  as  pointed  out  by  Huxley,  a  multitude 
of  alimentary  and  reproductive  organs,;  united  by  ramifying 
tubes,  which  permeate  a  massive  swimming  polypary.  In 
other  acalephse,  such  as  Velella^  Porpita  and  Ratraria,  we  pro- 
bably have  a  still  closer  resemblance  to  Hydractinia,  in  the 
development  of  a  corallum,  represented  by  a  homy  plate, 
which  in  the  last  of  these  medusae  elevates  the  crest,  serving 
as  a  sail  by  which  the  floating  mass  is  propelled  before  the 
wind  along  the  surface  of  the  waves. 

33.  In  conclusion,  I  must  mention  that  Hydractinia  is  in- 
fested by  a  small  species  of  Eolis  {Eolis  nana)^  which  peels 
off  the  polypary  with  its  rasp-like  tongue,  and  devours  it, — pos- 
sessed, I  suppose,  of  some  potent  magic,  which  renders  all  the 
formidable  armament  of  its  prey  of  no  avail.    Now,  each  of  the 


Description  of  a  Self-Registering  Barometer.       313 

dorsal  papillsB  of  the  Eolidce  contains  at  its  extremity  a  small 
ovate  vesicle,  communicating,  through  the  biliary  sac,  with  the 
digestive  system,  and  opening  externally  by  a  minute  aperture 
at  the  end  of  the  papillae.  This  vesicle  is  found  crowded  with 
compact  masses  of  thread-cells ;  which  masses,  in  Eolie  nana, 
consist  of  aggregations  of  small  and  large  thread-cells,  identic 
cal  in  size  and  shape  with  those  of  Hydractinia,— on  which  this 
Eolis  preys^^not  contained  in  capsules,  but  cemented  together 
by  mucus.  When  we  consider  that  each  of  the  vesicles  is  in  in- 
direct communication  with  the  stomach,  I  think  we  may,  with- 
out presumption,  suggest  a  probability  that  the  masses  of 
thread-cells  found  in  Eolie  nana  are  ^uast  faecal  collections  of 
the  thread-  cells  of  Hydractinia,  which,  protected  by  their  strong 
coats,  have  escaped  the  digestive  process.  In  corroboration  of 
this  view,  I  may  mention  that  the  thread-cells  of  Eolis  papiU 
losay  as  figured  in  the  work  of  Alder  and  Hancock,  have  a 
perfect  resemblance  to  those  found  in  the  Actinias,  which  last 
animals  furnish  an  Abyssinian  repast  to  these  carnivorous 
moUusca. 


Description  of  a  Self-Registering  Maximum  and  Minimum 
Arrangement  for  the  Syphon  Barometer.  By  Thomas 
Stevenson,  F.II.S.E.,  Civil  Engineer. 

At  a  meeting  of  the  Council  of  the  Meteorological  Society 
of  Scotland,  held  on  11th  July  last,  I  exhibited  and  described  a 
self-registering  syphon  barometer,  of  which  I  now  venture  to 
give  a  more  detailed  description. 

Several  forms  of  self-registering  barometers  have  been  pub- 
lished, among  which  may  be  mentioned  Hooke's  m  1685,  Dr 
Traill's  in  1830,  the  late  Mr  R.  Bryson's  in  1843,  and  the 
photographic  register,  which  has  been  more  recently  intro- 
duced. Those  of  Hooke  and  Bryson  are  so  ccftistructed,  I 
believe,  as  to  preserve  a  constant  register  of  the  oscillations 
of  the  mercurial  column,  and  are  therefore  of  a  far  more  com- 
plete  nature  than  the  instrument  I  am  about  to  describe. 
Excepting  Dr  Traill's,  all  those  barometers  require,  however, 
a  somewhat  complicated  system  of  clock-work,  which  to  a  great 
extent  precludes  their  adoption,  unless  in  regular  observatories. 
Dr  Traill's  is  different  from  the  others,  and  resembles  mine  in 
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only  registering  the  maximum  and  minimum  readings,  but  it 
requires  the  employment  of  two  distinct  barometers. 

I  have  endearom^  to  attain  the  registration  of  the  maxi- 
mum and  minimum  pressures  of  the  atmosphere  during  any 
given  period,  by  the  use  of  attached  magnets,  in  (lie  following 
manner : — ^Let  a,  &,  c,  represent  a  common  sy* 
phon  barometer,  e  and  g  represent  the  gra- 
duated scale  of  the  ordinary  kind.  They  are 
so  divided  that,  by  adding  together  the  read- 
ings of  the  heights  of  both  the  surfaces  of  the 
mercury,  the  total  length  of  the  mercurial 
column,  which  at  any  one  time  balances  the  ter- 
restrial atmosphere,  is  at  once  ascertained.  Such 
is  the  arrangement  for  a  common  syphon  baro- 
meter. In  this  instrument,  however,  there  is 
another  scale,  d  /,  having  a  fixed  zero  point, 
which  is  ascertained  by  comparison  with  a  stan- 
dard barometer.  The  height  of  the  barometer 
can  therefore  be  at  once  got  by  a  single  reading 
on  either  limb,  without  any  arithmetical  process. 
For  example,  when  the  atmospheric  pressure 
balances  30  inches,  the  surface  of  the  mercury 
in  the  long  limb  should  stand  opposite  to  the 
mark  80  on  the  scale  which  is  attached  to  that 
limb,  while  the  surface  of  the  column  in  the 
lower  limb  should  also  stand  opposite  to  the 
mark  30  on  the  scale  adjoining  the  lower  limb. 
The  divisions  on  this  supplementary  scale  will, 
however,  of  course,  be  only  half  as  large  as  those 
on  the  common  scale,  where  the  height  of  the 
mercury  is  ascertained  by  two  readings,  x 
and  y  are  two  small  floats  of  watch-spring,  or 
of  soft  iron.  These  floats  are  made  excessively  thin,  for 
the  sake  of  being  light,  and  thus  they  ofi'er  but  small  re- 
sistance to  the  movements  of  the  mercury,  on  the  surface  of 
which  they  float.*    x  and  y  are  two  small  magnets,  having 

*  I  have  reoentiy  prepared  for  the  lower  float  a  thin  verUcal  piece  of  iron, 
etttok  into  a  thin  slice  of  cork,  which  resti  on  the  surface  of  the  mercnry. 
It  might  also  be  an  improvement  to  make  the  horisontal  part  of  the  upper 
float  of  glass  instead  of  metal, — a  plan  which  has  already  been  used  for  me- 
tallic indicee. 
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spring  clamps  which  slip  stiffly  along  the  side  of  the  wooden 
framing  of  the  barometer,  and  are  placed  so  as  to  be  opposite  to 
what  may  be  called  the  working  parts  of  the  tube,  or  those 
parts  in  which  the  variation  of  the  mercury  takes  place.  By 
moving  the  magnets  up  or  down  a  little,  the  floats  can  be  brought 
to  rest  on  the  surface  of  the  mercury.  The  instrument  is 
then  ready  for  action.  If,  during  the  absence  of  the  observer, 
the  barometer  should  rise,  the  mercury  will  raise  the  float  in 
the  upper  limb,  while  the  float  in  the  lower  limb  being  arrested 
by  the  attached  magnet,  will  be  prevented  from  following  the 
sinking  of  the  mercury  in  that  limb.  If,  after  having  attained 
its  maximum  height,  it  should  then  begin  to  fall,  it  will  leave 
the  upper  float  at  its  maximum  level.  In  this  way  the  ob- 
server will,  on  his  return,  be  able  at  once  to  see  how  high  the 
barometer  has  stood  during  his  absence.  If,  on  the  other  hand, 
the  barometer  should  have  stood  lower  when  he  was  absent, 
the  minimum  reading  will  be  got  from  the  float  in  the  lower 
limb,  which  will  be  higher  up  than  the  surface  of  the  mercury. 
Thus  the  maximum  readings  will  be  registered  by  the  float  in 
the  long  limb,  while  the  minimum  readings  will  be  registered 
by  the  float  in  the  short  limb. 

I  may  here  observe,  that,  owing  to  a  curious,  and,  so  far  as 
I  know,  an  unexplained  electrical  action,  the  upper  float,  or 
that  which  is  in  vacuo^  often  adheres  with  sufficient  force  to 
the  sides  of  the  tube  to  render  the  use  of  the  magnet  unneces- 
sary for  the  maximum  readings. 

In  order  to  insure  accuracy  in  the  working  parts  of  the  tube, 
a  small  piece  of  tube  was  selected,  which  was  found  to  be  of 
uniform  bore.  This  piece  was  broken  into  two  equal  portions, 
which  were  then  joined  to  the  opposite  ends  of  a  longer  tube, 
of  a  length  sufficient  to  make  up  the  proper  length  for  the 
barometer.  As  the  working  parts  of  the  tube  need  not  to- 
gether exceed  about  three  inches,  there  is  little  or  no  difficulty 
in  getting  a  piece  of  such  limited  length  of  uniform  bore.  In 
this  instrument  there  is  of  course  no  correction  for  tempera- 
ture, although  this  could  be  attained  in  some  degree  by  having 
two  fixed  zero  points  for  the  small  scale,  the  one  being  suited 
to  a  mean  of  the  summer,  and  the  other  to  a  mean  of  the 
winter  temperature.    With  the  syphon   form   of  barometer 
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there  should  be  no  correction  either  for  capillarity  or  capa* 
city. 

I  regret  being  unable  to  give  a  register  of  the  indications 
afforded  by  this  barometer,  as  the  mercury  had,  shortly  after 
I  got  the  instrument,  been  unfortunately,  as  I  suppose,  brought 
into  contact  with  some  metal,  with  which  it  formed  an  amal- 
gam, thus  causing  the  lower  surface  to  become  so  viscid  as 
entirely  to  vitiate  the  indications.  Another  barometer  was 
being  made  for  me  by  our  late  excellent  optician,  Mr  John 
Adie,  whose  lamented  death  has  prevented  its  completion.  I 
may  mention,  that  a  similar  application  of  magnets  mxiy 
perhaps  be  found  lAseful  in  getting  moMmum  and  minimum 
readings  with  other  instruments  than  the  barometer;  and  it 
was  very  much  this  consideration  which  induced  me  to  draw 
up  this  brief  notice* 

Notice  respecting  Father  SecchVs  Statical  Barometer ^  and 
on  the  Origin  of  the  Cathetometer.*  By  Professor  Forbes. 

A  friend,  who  returned  lately  from  Rome,  has  sent  me  some 
copies  of  a  pamphlet  by  Father  Secchi  of  the  CoUegio  Eo- 
mano,  one  of  which  I  lay  on  the  table  of  the  Society. 

It  describes  a  barometer  stated  to  be  on  a  new  construction. 
The  barometric  tube  is  suspended  from  one  arm  of  a  balance, 
and  counterpoised.  It  is  filled  with  mercury  in  the  usual  way ; 
but  the  cistern  into  which  it  opens  is  fixed  apart,  and  does  not 
move  with  the  beam  of  the  balance.  It  is  evident,  therefore, 
that  the  varying  pressure  of  the  air  on  the  exterior  of  the  tube 
will  require  a  changing  counterpoise,  and  that  the  magnitude 
of  the  change  may  be  increased  by  enlarging  the  section  of 
the  tube,  so  that  the  alteration  of  pressure  may  be  indicated 
with  any  required  delicacy. 

It  is  also  obvious  that,  to  use  this  barometer,  the  tube  does 
not  require  to  be  transparent,  but  may,  for  instance,  be  made 
of  iron  ;  only  the  internal  section  must  be  uniform  throughout 
the  range  of  pressure. 

The  idea  of  thus  measuring  barometric  pressures  appears 
80  obvious  that  it  is  not  likely  to  be  really  new.    But  I  had 

*  Read  to  the  Royal  Society  of  Edinburgh,  16th  March  1857. 
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also,  when  I  read  the  paper,  a  distinct  recollection  of  having 
seen  it  described  many  years  ago. 

After  a  slight  search  I  found  it,  accordingly,  under  the 
name  of  the  Steelyard  Barometer  (the  tube  being  suspended 
from  the  shorter  arm  of  a  steelyard,  while  the  other  points  to 
the  angular  deviation  on  a  scale),  in  Bees/  and  others  of  the 
older  Encyclopaedias  (as  in  the  earlier  editions  of  the  Britan- 
ntca),  in  HuUorCe  Mathematical  Dictionary^  and  in  Oehler*s 
WorterbtAch.  But,  what  is  singular,  no  inventor  is  assigned 
to  the  contrivance,  except  in  the  last-named  work,  where  it  is 
described  generally  as  Morland's,  though  Hutton,  who  is  there 
cited  as  the  authority,  says  nothing  of  it. 

In  Desagulier^s  Natural  Philosophy  (1763),  an  experi- 
ment with  a  balance,  similar  to  Father  Secchi's  arrange- 
ment, is  described  and  figured,  but  it  is  not  referred  to  as 
a  construction  available  for  practical  purposes.  This  might 
lead  one  to  believe  that  the  contrivance  was  more  recent 
than  Desagulier's  time.  But,  <  after  considerable  search,  I 
found,  in  the  nineteenth  volume  of  Eoziers  Observatione 
<fe  Physique  (1782),  page  346,  a  curious  historical  statement 
by  Magellan,  which  refers  the  contrivance  to  Sir  Samuel 
Morland,  who,  it  is  there  stafed,  presented  it  to  Charles  XL 
Magellan  does  not,  however,  give  his  authority  for  this,  stat- 
ing, on  the  contrary,  that  he  found  no  mention  of  the  contrivance 
in  any  of  the  authors  who  had  treated  of  the  subject,  but  that  he 
had  seen  two  of  these  instruments.  One  of  them,  made  by 
Adams  in  1760,  belonged  to  George  III;  and  I  think  it  possible 
that  it  may  still  be  found  amongst  the  instruments  of  the  Kew 
Observatory.  The  other  was  made  by  the  celebrated  Sisson,  and 
came  into  M.  Magellan's  possession ;  a  careful  figure  of  it  is 
given  in  the  work  just  cited.  It  is  perhaps  likely  that  the 
ascription  of  it  to  Morland,  and  the  story  of  its  presentation  to 
Charles  II.,  was  a  tradition  among  the  London  instrument- 
makers.  It  may,  however,  be  recorded  in  some  of  Sir  Samuel 
Morland's  writings,  which  I  have  not  found  either  in  the  C61-. 
lege  or  the  Advocates'  Library,  and  in  which  it  does  not  appear 
that  Magellan  had  himself  seen  it. 

I  have  as  yet  been  unable  to  trace  the  steelyard  modifica- 
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lion  of  the  statical  barometer  to  its  origin.     I  think  it  likely 
to  be  an  independent  invention. 

Of  coarse  these  remarks  are  not  intended  to  infer  the 
smallest  doubt  of  Father  Secchi^being  the  inventor  of  the  in- 
strument which  he  describes.  Of  that  there  can  be  no  ques^ 
tion  ;  and  the  application  of  it,  which  Father  Secchi  proposes, 
to  the  purposes  of  self-registration,  makes  it  a  well-timed  re- 
suscitation of  an  almost  forgotten  contrivance,  which  yet  ap- 
pears to  date  from  the  same  century  with  the  invention  of  the 
barometer. 

2d  March  1857. 

Postscript — I6th  March  1857. — I  have  not  succeeded  in 
throwing  any  further  light  on  the  true  origin  of  the  statical 
barometer.  On  writing  to  Mr  Welsh  of  the  Kew  Observatory, 
I  find  that  King  George  III.^s  curious  collection  of  apparatus 
has  been  long  dispersed.  I  ought  perhaps  to  add,  with  refer- 
ence to  Father  Secchi's  contrivance,  that  he  recommends  in  some 
cases  the  cistern  of  the  barometer  to  be  made  movable,  instead 
of  the[tube.  The  balance  is  then  disturbed  by  the  efflux  of  mer- 
cury from  the  tube  of  the  barometer  when  the  pressure  dimin- 
ishes, and  by  its  influx  when  thg  pressure  increases.  Though 
less  elegant,  as  an  application  of  a  principle,  it  has  the  advan- 
tage of  making  the  suspended  mass  lighter.  It  will  be  seen, 
by  a  reference  to  Magellan's  account  of  Sisson's  instrument, 
that  the  weight  was  such  as  to  require  support  on  friction — 
rollers  instead  of  knife  edges. 

Invention  of  the  Cathetometer. — I  take  this  opportunity  of 
adding  a  historical  notice,  which  has  occurred  to  me  whilst 
making  the  preceding  inquiry.  In  the  twentieth  volume  of 
the  Philosophical  Transactions .  for  1698,  Mr  Stephen  Gray 
described  a  microscope  moving  on  a  vertical  pillar  by  means  of 
a  micrometer  screw,  to  be  used  for  determining  the  exact  vari- 
ations of  level  of  a  liquid,  such  as  mercury  in  a  barometer  or 
thermometer,  and  not  necessarily  connected  with  the  apparatus. 
This  instrument  accurately  corresponds  in  most  respects  with 
that  known  to  French  physicists  and  instrument-makers  under 
the  name  of  the  Cathetom^tre,  which  I  have  never  heard 
ascribed  to  any  inventor  in  particular,  and  which,  till  very 
lately,  has  hardly  been  recognised  in  this  country. 
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On  the  Reprodiictive  Economy  of  Bees;  being  an  Account  of 
ihe  Results  of  Von  Siebolcts  recent  Researches  in  Parthe-^ 
.  nogenesis.    By  Professor  Ooodsir.* 

The  term  Parthenogenesis-^the  production  of  young  by  a  virgin 
— ludna  sine  coneubitu — was  introduced  by  Professor  Owen,  to 
designate  <'  the  successive  production  of  procreating  individuals  from 
a  single  ovum ;"  and,  as  understood  and  employed  by  him,  this  term 
is  not  only  distinctive  of  those  peculiar  forms  of  propagation  which 
had  previously  been  generalized  by  Steenstrup  under  the  phrase, 
''alternate  generation;"  but  is  also  expressive  of  their  essential 
character.  It  is  not  proposed  in  the  present  communication  to 
examine  Professor  Owen's  doctrine  of  Parthenogenesis,  nor  to  at- 
tempt to  determine  to  what  extent  it  legitimately  involves  all  the 
remarkable  phenomena  which  it  professes  to  express  and  elucidate  ; 
but  to  state  briefly  the  remarkable  results  of  observations  on  the 
subject  made  by  another  Physiologist,  whose  name  is  a  sufficient 
guarantee  for  the  care  and  exactness  with  which  they  have  been  con- 
ducted. 

Von  Siebold  of  Munich  published  a  few  months  ago  a  work  entitled 
''Wahre  Parthenogenesis,  bei  Schmetterlingen  and  Bienen" — Real 
Parthenogenesis,  as  it  occurs  in  Butterflies  and  Bees.  In  his  intro- 
ductory chapter,  after  claiming  for  himself  the  previous  announce- 
ment, in  Mliller's  Archiv,  for  ISdTy  of  the  distinctive  peculiarities 
of  the  reproductive  organs  of  the  oviparous  and  viviparous  aphides,  the 
author  gives  to  the  ^'  alternate  generation ''  theory  of  Steenstrup  that 
place  to  which  the  influence  it  has  already  had  on  the  science  fully 
entitles  it.  He  cannot,  however,  admit  that  alternate  generation  can 
be  included  under  parthenogenesis,  as  has  been  done  by  Pro- 
fessor Owen.  On  the  contrary,  alternate  generation  and  partheno- 
genesis are  distinct,  inasmuch  as  propagation  sine  coneubitu  in 
alternate  generation  occurs  in  sexless  individuals ;  whereas  propaga- 
tion sine  coneubitu  in  parthenogenesis  occurs  in  actual  females. 

*  The  importance  of  the  results  contained  in  Von  Siebold's  work  induced 
the  author  of  this  abstract  to  communicate  it  to  the  Royal  Society  of  Edin- 
burgh. He  only  became  aware  of  the  approaching  publication  of  Mr  Dallas' 
able  translation  of  the  work  itself  on  the  evening  on  which  his  own  abstract 
was  read. 
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While  I  admit  the  propriety,  as  I  belioTe  will  he  generally  done,  if 
such  a  form  of  propagation  be  confirmed,  of  limiting  Professor 
Owen's  expressire  term  parthenogenesis  to  propagation  bj  a  female 
sine  concubitu^  or  more  precisely  to  dcTelopment  of  an  indiTidiud 
from  an  oyam  into  which  no  spermatosoon  had  prenously  entered, 
I  mast  obserre  that  Von  Siebold  has  somewhat  misunderstood  Pro- 
fessor Owen  in  reference  to  the  so-called  aphides  nurses.  Although 
Professor  Owen  terms  these  intermediate  forms  Tirgins,  and  consi- 
ders them  to  be  females,  he  states  that  they  do  not  possess  sper- 
matheccB  and  colleteria ;  and  in  support  of  this  quotes  Von  Siebold 
himself,  as  reported  in  Froriep*s  Notizen.  The  difference  in  the 
Tiews  of  Owen  and  Siebold  regarding  the  aphides  nurses  is  this — 
that  the  former  belieyes  them  to  be  undeyeloped  females,  which  pro- 
pagate '*  in  utero**  under  the  transmitted  influence  of  ^  an  aneestrcU 
coitus  ;''  while  the  latter  holds  them  to  be  sexless  indiriduals,  which 
propagate  by  internal  gemmation. 

Von  Siebold  next  examines  at  ccmsiderable  length  the  statements 
of  the  yarious  entomologists  who  have  asserted  the  capability  of  re- 
production by  unimpregnated  females  in  certain  speeies  of  Lepidop- 
tera.  He  comes  to  the  following  conclusions :  That  due  precautions 
had  in  no  instance  been  taken  to  prevent  the  access  of  the  male, 
remarkable,  in  this  order  of  insects,  for  the  instinctire  sagacity  and 
ingenuity  of  his  approaches  ;  and  that  all  the  obseryations  had  been 
accidental  or  indirect,  and  therefore  destitute  of  the  precision  essen- 
tial to  such  inquiries. 

Notwithstanding  these  conclusions,  Yon  Siebold  could  not  avoid 
being  influenced  by  the  repeated  assertions  of  the  existence  of  par- 
thenogenesis in  the  genus  Psydie,  Although  the  established  facts, 
that  the  footless  and  wingless  females  of  this  genus  are  impregnated 
within  the  sac,  and  again  enter  the  chrysalis  case  in  order  to  de- 
posit their  eggs  in  it,  and  that  the  footed  but  wingless  females  of 
the  genus  Fumsa  are  impregnated  on  the  upper  surface  of  the 
sac,  but  deposit  their  eggs  in  the  chrysalis  ease  left  within  it, 
might  appear  to  cast  much  doubt  upon  any  assertion  of  partheno- 
genesis based  on  the  fact  of  the  eggs  being  deposited  in  such  a 
locality ;  nevertheless  there  appeared  to  be  such  indications  of  its 
actual  oconrrence,  more  particularly  in  the  restricted  genus  Sokn* 
e^ta,  as  warranted  special  inquiry. 

Siebold  was  indebted  to  Reutti,  an  able  lepidopterologist  in  F«ei- 
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barg,  for  numerous  sacs  of  Solenohia  licheneUof  Lin.,  and  of  So* 
Imohia  triquetrdlay  F.  t.  B.,  gathered  in  that  neighbourhood;  and 
he  himself  ooUeeted  around  Berlin,  in  1850,  1851,  and  1862,  many 
hundred  saos  of  both  genera.  To  his  great  astonishment  all 
these  sacs  produced  females,  with  the  exception  of  two  from  a 
single  locality,  which  produced  males.  These  sacs  were  kept 
and  observed  in  small  ressels  closed  with  glass  plates,  so  that  no 
males  could  have  access  to  them.  The  females,  after  leaving  the 
sacs,  and  dragging  their  pupa-cases  out  along  with  them,  clasped 
firmlj  the  exterior  of  their  sacs,  and,  to  Yon  Siebold's  great  surprise, 
speedily  began  to  deposit  their  eggs  in  the  latter. 

In  this  respect  these  Solenohtds  females  differed  from  those  of 
the  genus  Fumea,  which,  if  excluded  from  the  male,  would  remain 
attached  to  the  exterior  of  their  sacs  until  they  died,  without  de« 
positing  a  single  egg.  So  powerful  was  the  impulse  of  these  Solen* 
obkB  females  to  lay  their  eggs,  that,  if  slightly  removed  from  the 
sac,  they  would  stretch  their  ovipositors  towards  its  aperture,  and 
drop  the  eggs  on  its  exterior.  But  if  Siebold  was  struck  ,with 
the  egg-laying  propensity  of  these  virgin  females,  he  was  still  more 
astonished  to  find  that  the  eggs  produced  larvsD,  which,  with  the 
greatest  eagerness,  endeavoured  in  every  direction  to  procure  mate- 
rials for  the  manufacture  of  their  sacs. 

At  this  stage  of  the  inquiry  Siebold,  although  satisfied  that  these 
Lepidoptera  are  capable  of  reproduction  Hne  caneubitUy  was  inclined 
to  believe  that  these  apparent  females  were  only  sexless  individuals, 
as  in  the  case  of  the  aphides  nurses.  He  found,  however,  onjdissec- 
tion,  that  they  possessed  the  characierisic  reproductiye  organs 
of  the  female  moth.  The  anterior  orifice  opened  into  a  fully  deve- 
loped but  perfectly  empty  bursa  oopulatrix  and  receptaculnm  semi- 
nis,  while  the  posterior  communicated  with  well-stocked  oyaries. 
These  Solenobus  were,  therefore,  fully  developed  virgin  females. 

The  Solenobia  are  not  the  only  ascertained  representatives  of 
parthenogenesis  among  the  Lepidoptera.  Psyche  hMa^  a  species 
which  has  been  carefully  investigated  by  Yon  Siebold,  and  of 
which  the  female  only  has  been  with  certainty  recognised,  affords 
an  equally  surprising  example  of  virgin  procreation.  The  larva 
of  Psyche  heUx  is  a  leaf-borrowing,  sac-bearing  caterpillar,  feed- 
ing on  Artemisia  Vulgaris^  AnthylUs  Vulmsrarta^  &c.  Siebold 
named  the  species  from  the  form  of  the  sac,  which,  about  the  size 
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of  a  pea,  and  consisting  of  aglutinated  particles  of  earth,  is 
wound  spirally  two  whorls  and  a  half  to  the  left,  and,  like  some 
other  insect  structures  of  the  same  kind,  had  been  mistaken  for 
the  shell  of  a  mollusc.  When  the  caterpillar  is  feeding,  the 
mouth  of  its  spiral  sac  covers  the  orifice  made  in  the  epidermis  of 
the  leaf,  while  its  margin  is  applied  against  the  surrounding  un- 
injured epidermal  surface.  Its  body  is  spirally  curved,  and^  when 
full  grown,  occupies  only  two  complete  whorls.  It  evacuates  its 
faeces  through  a  lateral  orifice,  situated  at  the  junction  of  the  in^ 
complete  with^  the  second  whorl  of  the  sac.  When  about  to  pasa 
into  the  pupa  form,  it  leaves  the  plant  on  which  it  has  been  feed- 
ing, and  spins  the  mouth  of  its  sac  firmly  to  the  surface  of  a 
stone  or  rock.  The  butterfly  itself  is  destitute  of  wings  an4 
antennas,  its  feet  are  feebly  developed,  its  body  spirally  bent,  its 
movements  inert,  but  its  reproductive  organs  fully  matured.  She 
deposits  her  eggs  in  her  pupa  husk,  within  the  spiral  sac,  and 
having  then  shrunk  to  a  comparatively  small  size,  comes  out  of 
the  sac  by  the  lateral  orifice  left  near  its  apex,  for  this  and  other 
purposes,  by  the  instinct  of  the  larva ;  after  leaving  it  she  speedily 
dies.  Siebold  does  not  admit  that  the  male  of  Psyche  helix  has 
been  discovered ;  but  as  it  must  be  admitted  that  the  females  of 
this,  as  of  the  other  species  of  Psyche^  are  impregnated  within  the 
sac,  and  that  the  act  must  be  effected  through  the  lateral  orifice, 
the  abdomen  of  the  male  is  probably  spirally  curved  in  a  cor^ 
responding  manner. 

By  keeping  the  spiral  sacs  of  Psyche  fidix  under  glass  covers 
until  the  larvae  had  passed  through  their  pupa  stage,  and  until 
the  eggs  deposited  by  the  images  had  produced  larvae,  Von  Siebold 
satisfied  himself  that,  in  this  spedea  of  insect,  the  ova  may  be  de- 
veloped without  the  influence  of  spermatozoa. 

With  reference  to  the  sex  of  the  Lepidoptera  producing  sine 
concubitu^  it  appears  extremely  probable,  from  the  rarity  or  appa- 
rent deficiency  of  males,  that  it  will  turn  out  to  be  female. 

While  engaged  with  the  parthenogenesis  of  the  Lepidoptera, 
Yon  Siebold  entered  on  the  investigation  of  the  numerous  con- 
flicting questions  and  statements  regarding  the  reproductive  eco- 
nomy of  the  bee.  With  this  view,  he  put  himself  in  communica- 
tion with  various  bee-masters,  but  moi'e  particularly  with  Herr 
Dzicrzon,  a  clcrfryman  at  Carlsmarkt,  in  Silesia ;  and,  with  th^ 


Reproductive  Economy  of  Bees,  323 

Baron  von  Berlepscb,  of  Seebach,  in  Thiiringia.  The  most  im« 
portant  result  of  these  personal  inquiries  was  a  new  theory  of  the 
reproductive  economy  of  the  hive,  propounded  by  Dzierzon,  which 
involved  and  explained,  in  the  most  satisfactory  manner,  all  the 
hitherto  inexplicable  genetic  mysteries  of  the  bee  colony.  The 
anatomico-physiological  verification  of  this  theory  constituted  the 
greater  part  of  Von  Siebold's  labours  in  this  department  of  his 
subject. 

Herr  Dzierzon  had  recorded  his  hypothesis  as  early  as  1845, 
in  Barth  and  Schmid's  '*  Bienen  Zeitung;"  and  also  in  1849,  in 
his  work  on  the  **  Theory  and  Practice  of  Bee  Farming." 

Dzierzon's  hypothesis  is  to  this  efiect — ^that .  although  the 
queen,  or  perfect  female  bee,  in  order  to  be  fully  fitted  for  her 
position  in  the  hive,  must  be  impregnated  by  a  drone  or  male  bee 
during  her  marriage  flight;  yet  nevertheless,  those  eggs  from 
which  drones  are  developed  are  not  impregnated.  It  is  admitted 
that  an  unimpregnated  queen  bee  may  produce  drones ;  and  that 
even  working  bees,  which  are  incapable  of  sexual  conjunction, 
may  occasionally  deposit  drone  eggs.  The  spermatheca  alone  is 
impregnated  during  the  flight  of  the  queen  bee ;  the  ovaries  are 
not  affected.  The  queen,  after  impregnation,  retains  the  power 
she  previously  possessed  of  depositing  drone  or  unimpregnated 
^& ;  but  she  can  also  thereafter  deposit  impregnated  eggs,  from 
which  alone  working  bees  and  queens  can  be  developed. 

In  proceeding  to  the  verification  of  Dzierzon's  theory,  there  are 
certain  fundamental  physiological  facts  in  the  economy  of  the 
hive  to  be  kept  steadily  in  view. 

The  young  unimpregnated  queen  is  never  impregnated  unthin 
the  hivef  hut  always  on  the  wing,  high  in  the  air.  As  Dzierzon's 
hive  permits,  for  the  first  time,  every  part  of  the  hive,  and  every 
side  of  each  comb  to  be  minutely  examined,  and  as  every  effort 
has  been  made^  without  success,  by  experienced  observers,  to  de- 
tect the  impregnation  of  the  queen  bee  within  the  hive,  it  may 
now  be  safely  assumed  that  it  takes  place  only  during  flight. 
This  mode  of  impregnation  occurs  in  many  other  insects ;  but  in 
the  Hymenoptera  it  is  peculiar  in  the  rapidity  with  which  it  is 
effected.  Von  Siebold  examined  and  dissected  a  queen  bee  sent 
to  him  by  Baron  Berlepsch,  taken  immediately  after  her  return 
from  her  marriage  flight.     He  found  the  male  organs  detached 
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and  retained  in  oomneotion  with  her  bursa  copulatrix,  and  her 
spennatheca  fnll  of  spermatic  floid.  Lenckart  has  also  proTed 
that  the  intromittent  orgfans  of  the  drone  can  onlj  be  protmded 
during  flight;  and  that  they  are  so  protruded,  not  hj  muscular  or 
erectile  arvangements,  but  by  the  pressure  applied  to  them  from 
within,  by  the  distension  of  the  abdominal  tracheal  poaches  during 
flight. 

Yon  Siebold  had  already  proved  that  the  spermatic  fluid  de- 
posited in  the  spermatheca  ta  caitu^  retains  during,  or  neatly  to 
the  close  of  the  life  of  the  queen  bee,  its  diaracteristic  or  essen- 
tial spermatozoa.  He  had  also  shown  that  the  spennatheca  is 
provided  with  voluntary  muscular  fibres,  so  ae  to  enable  the 
animal  to  retain  or  evacuate  its  spermatic  contents.  These 
fiicts  are  in  accordance  with,  and  therefore  tend  to  support,  the 
second  position  assumed  in  Dzierzon^s  theory^-Wr.,  all  the  tg^ 
which  eofM  to  maturity  in  both  ovariss  of  thg  queen  bee,  are  of  one 
kindf  whichy  if  deposited  without  haviup  come  in  contact  with  sper' 
matiejluid^  are  developed  into  drone  or  male  bees;  but  if  impreg- 
nated by  spermatic  contact,  are  developed  into  female  bees,  that  is, 
into  working  or  queen  bees,  according  to  their  subsequent  treat- 
ment. 

It  will  be  at  once  perceived  that  this  position,  while  it  coaa- 
pletely  resolves  all  the  difiiculties  which  have  hitherto  obstructed 
every  attempt  to  explain  the  reproductive  economy  of  the  hive,  is 
in  direct  opposition  to  what  has  hitherto  been  considered  a  funda- 
mental physiological  law,  that  an  egg,  whether  it  be  developed  into 
a  male  or  afemalcy  mtiut  have  been  previously  impregnated.  Yon 
Siebold  has  nevertheless  satisfied  himself  of  the  truth  of  Dzier- 
zon's  assumption  by  extended  indirect  as  well  as  direct  evidence. 

Experienced  bee-masters  know  the  evil  consequences  which 
follow  from  a  queen  bom  with  defective  wings.  She  cannot  take 
her  marriage  flight ;  but  her  impulse  to  deposit  her  ^gs  is  unre- 
strained. She  lays  them  in  the  working  cells  and  drone  cells  in 
apparently  the  usual  manner ;  the  working  bees  feed  the  resulting 
larvte,  which,  however,  being  all  drone  larv»,  those  which  are  in 
working  cells  become  too  large  for  them,  these  cells  require  to  be 
altered,  and  the  economy  of  the  hive  becomes  disarranged. 

Berlcpsch  instituted  a  very  interesting  experiment  on  this  point. 
At  the  end  of  September,  when  the  drones  were  all  dead,  he  got  a 
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▼irgin  queen  to  deposit  eggs,  which  produced  drones  in  the  suc- 
ceeding year.  This  queen  was  dissected  by  Leuckart,  and  found 
by  him  to  be  unimpregnated.  The  acknowledged  fact,  that  work- 
ing bees  occasionally  produce  drone  eggs,  is  ezplaineji  by,  and 
powerfully  supports  Dzierzon's  hypothesis.  Madame  Jurine 
proved  anatomically  that  the  working  bee  is  not  a  neuter,  but  an 
undeyeloped  female.  And  Baron  Berlepsch  has  lately  afforded 
Leuckart  an  opportunity  of  dissecting  two  drone-producing  work- 
ing bees,  and  of  verifying  the  results  of  the  Baron's  own  dissec- 
tions. Five  or  six  tubes  were  found  in  each  ovary  full  of  perfect 
eggs ;  but  the  coUeteria  and  spermathecse  were  so  feebly  deve- 
loped that  they  were  at  first  overlooked  by  Leuckart,  and  sup- 
posed to  be  absent. 

It  occasionally  happens  that  towards  the  close  of  the  career  of 
a  queen  bee,  spent  in  depositing  in  the  normal  manner  drone  and 
working  bee  eggs,  she  deposits  drone  ^gs  alone.  This  circum- 
stance is  explained  by,  and  supports  Dzierzon*s  theory.  For  the 
queen  bee  undertakes  the  marriage  flight  only  once  in  her  life- 
time; and  it  may  be  fairly  assumed  that  when  she  closes  her 
career  by  produdng  drones  only,  her  spermatheca  has  become 
empty. 

Dzierzon^s  doctrine  involves  also  the  position  that  the  queen 
bee  has  the  power  to  deposit  at  will  male  or  female  egge, — that  is, 
unimpregnated  or  impregnated  egg». 

The  discovery,  by  Siebold,  of  voluntary  muscles  in  the  struc- 
ture of  the  spermatheca  in  the  queen  bee,  is  explained  by  and 
supports  this  position.  When  she  inserts  the  extremity  of  her 
abdomen  into  a  cell,  she  ascertains,  by  the  sense  of  touch,  whe- 
ther it  has  been  prepared  for  a  drone  or  for  a  worker.  If  it  is 
a  drone  cell,  she  contracts  the  orifice  of  the  spermatheca,  and 
the  egg  passes  out  unimpregnated.  If  it  is  a  working  cell,  she 
contracts  the  spermatheca  itself,  and  the  egg  is  smeared  in  its  pas- 
sage. That  the  queen  bee  possesses  the  voluntary  power  of  depo- 
siting male  or  female  eggs,  appears  also  to  be  proved  by  the  fact, 
that  by  means  of  a  Dzierzon's  hive,  she  may  be  induced  to  deposit 
either  kind  of  eggs,  by  supplying  her  with  the  corresponding 
combs. 

With  reference  to  this  part  of  the  subject,  two  observations 
made  by  Baron  Berlepsch  are  of  importance. 
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Wliilc  endeavouring  to  confine  a  queen  bee  in  a  small  box,  he 
accidentally  bruised  the  extremity  of  her  abdomen.  She  laid  after- 
wards, as  before,  many  thousand  eggs,  but  they  were  all  male. 
He  unfortunately  lost  hcri  and  could  not  ascertain  by  dissection 
the  nature  of  the  injury  by  which  the  spermatheca  had  been 
affected.  It  had  probably,  as  Siebold  suggests,  been  torn  off  or 
detached. 

Von  Berlepsch's  second  observation  is  still  more  important. 
Miiller  having  shown  that  spermatozoa,  after  having  been  sub* 
jected  to  a  freezing  temperature,  do  not  again  regain  their  loco- 
motive powers,  but  are  in  fact  destroyed,  Herr  Berlepsch  placed 
three  impregnated  queen  bees  for  thirty-six  hours  in  an  ice-house. 
One  of  them  recovered,  was  restored  to  her  people,  and  deposited 
afterwards,  as  before,  many  thousand  eggs  in  working  cells ;  but 
the^  all  prodtioed  drones. 

Two  varieties  of  bees  are  cultivated  in  Southern  (xermany ;  the 
German  bee,  with  a  dark  brown  abdomen,  and  the  Italian  bee, 
with  a  yellow  abdomen.  These  two  varieties  produce,  by  mixture^ 
what  are  termed  bastard  forms.  Baron  Berlepsch  has  investigated 
these  bastard  bees,  with  the  view  of  ascertaining  how  far  they 
afford  support  to  the  reproductive  theory  of  Dzierzon.  The  re- 
sults obtained  by  him  are  briefly  these : — An  Italian  queen  im- 
pregnated by  a  German  drone  bee,  or  vice  versa^  produced  inva- 
riably— 1.  Females,  purely  Italian  in  colour;  2.  Females,  purely 
Qerman  in  colour ;  and,  3.  Females,  of  mixed  colour ;  but  the 
drones  produced  were  all  invariably  of  the  colour  of  the  mother. 
An  Italian  mother  only  produced  Italian  males;  a  German 
mother  only  German  males. 

In  the  present  phase  of  physiological  science,  nothing  short  of 
direct  proof  can  be  admitted  for  the  establishment  of  a  doctrine 
so  startling  as  that  by  means  of  which  Dzierzon  explains  the 
genetic  economy  of  the  hive.  It  must  be  shown  that  spermatozoa 
invariably  enter  the  female  ^gs  through  their  micropyles ;  and 
that  spermatozoa  do  not  pass  into  the  drone  eggs. 

Leuckart  made  the  first  attempt  to  verify  the  doctrine,  by 

means  of  the  microscope.     He  proceeded,  in  May  1855,  to  the 

^residence  of  the  Baron  Berlepsch|  at  Seebach,  dnd  after  having 

examined  many  females,  and  a  greater  number  of  drone  eggs, 

his  results  were  unsatisfactory  and  doubtful.     He  could  find  no 
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spermatozoa  on  the  male  eggs ;  but,  on  the  other  hand,  he  only 
detected  them  in  four  or  five  instances  on  the  micropyles  of  female 
eggs. 

Von  Siebold  visited  the  Baron  for  the  same  purpose  at  a  less 
farourable  season — at  the  end  of  August  of  the  same  year.  He 
began  by  accustoming  his  eye  to  the  microscopic  examination  of 
the  bee's  egg,  and  by  ascertaining  the  best  mode  of  bringing  its 
contents  into  view.  This  he  found  to  be,  as  is  generally  the 
case,  a  very  simple  and  ordinary  procedure,  to  compress  the  egg 
set  on  end,  by  means  of  the  thin  glass  cover,  so  as  partially  to 
evacuate  its  contents.  On  the  22d  August,  at  10  a.m.,  he 
commenced  the  examination  of  a  comb  with  female  eggs,  which 
had  been  deposited  one  hour  previously.  On  the  same  day  he 
examined  female  eggs  deposited  twelve  hours  previously,  and  on 
the  two  succeeding  days  eggs  which  had  been  deposited  fifteen 
hours  previously.  The  result  was,  that  in  the  empty  space  left 
in  the  egg  by  the  evacuation  of  its  contents  under  the  micropyle, 
from  one  to  three  or  four  motionless  or  lively  spermatozoa  were 
found  in  almost  every  specimen  which  had  been  successfully  com- 
pressed. 

He  experienced  some  di£Sculty  in  procuring  a  satisfactory  num- 
ber of  drone  eggs.  But  he  examined  with  great  care  twenty- 
seven  male  eggs  deposited  twelve  hours  previously,  and  failed  in 
finding,  either  on  their  exterior  or  interior,  the  slightest  trace  of 
seminal  animalcules. 

Von  Siebold,  therefore,  considers  himself  fully  entitled  to  con- 
clude, that  the  females  of  certain  Lepidoptera,  and  the  males  of 
the  bee,  are  developed  from  unimpregnated  ova. 
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Results  of  a  series  of  Meteorological  Observatiofis  made  in 
obedience  to  instructions  from  the  Regents  of  the  Univer* 
sity^  at  sundry  Academies  in  the  State  of  New  Tork^from 
1826  to  1850  inclusive.  Compiled  from  the  original  re- 
turns and  (he  annual  reports  of  the  Regents  of  the  Uni^ 
versify.  By  Franklin  B.  Hough,  A.M.,  M.D.  Pab^ 
lished  by  Legislatiye  Aathority.    4to.  Albany,  1865. 

It  is  generally  known  to  those  interested  in  Meteorology  ihat 
methodical  observations,  principally  of  the  thermometer  and 
rain-gauge,  have  for  many  years  been  in  progress  at  numerous  aca- 
demies of  the  State  of  New  York,  and  that  the  results  of  these  have 
from  year  to  year  been  published,  and  pretty  extensively  circulated 
by  the  Regents  of  the  Unrversil^  in  that  State.  These  observa* 
tions,  though  far  from  complete,  according  to  our  present  notions 
of  completeness,  contained  a  vast  body  of  interesting  matter ;  for 
unquestionably  the  meteorological  element  of  Temperature  is  by 
far  the  most  important  of  all,  while  it  is  the  easiest  obtained,  the 
instrument  being  of  simple  construction,  and  capable  of  being 
observed  with  small  chance  of  mistake.  The  rain-gauge  is  also  a 
simple  instrument,  and  its  results  are  of  great  practical  conse- 
quence. 

Amongst  sixty-two  Observatories,  many  of  them  comparatively 
remote,  it  is  not  to  be  supposed  that  indifferent,  and  even  careless, 
observations  may  not  occur.  But  the  number  is  so  considerable, 
compared  to  the  area  of  the  earth's  surface  on  which  they  arc 
situated,  that  by  combining  the  results  in  groups,  or  by  selecting 
the  most  obviously  trustworthy,  a  very  correct  idea  can  be  obtained 
of  the  mean  temperature  of  diis  part  of  the  globe,  of  the  distri- 
bution of  heat  and  cold  over  the  different  seasons,  and  of  the 
humidity  of  the  climate. 

Such  data  are  the  more  important,  because,  not  long  before  these 
observations  were  commenced,  scientific  as  well  as  practical  men 
were  only  banning  to  understand  the  &ct  of  the  widely  different 
laws  of  temperature  which  prevail  in  the  Old  and  New  World,  to 
which,  perhaps.  Baron  Humboldt  first  distinctly  called  attention. 
The  following  little  table  will  illustrate  the  difference  of  climates  of 
America  and  Europe  in  nearly  the  same  parallel  of  latitude. 
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Latitnd«.      T«mp.  Tear.      Hottait  Month.  Coldett  Month.     ]>!& 

New  York,        40*43  61-6  73*1  34*3  38*8 

Naples,  40-58  60-3  763  46*2  30*1 

Thus  we  see  that  the  mean  temperature  of  Naples  exceeds  that 
of  New  York  by  nearly  nine  degrees^  and  that  the  difibrence  of 
monthly  temperature  at  New  York  exceeds  that  of  Naples  by 
almost  the  same  quantity.  If  we  took  the  extreme  range  of  the 
thermometer,  we  should  find  the  excess  yastly  greater  in  the  New 
World.  To  put  it  in  another  light,  the  temperature  of  New 
York  is  nearly  the  same  as  that  of  the  south  coast  of  Cornwall, 
which  is  ten  degrees  of  latitude  more  northerly.  After  all,  the 
city  of  New  York,  being  near  the  sea,  is  one  of  the  most  temperate 
climates  of  the  State.  The  value  of  these  thermometrical  obser- 
vations has  been  sufficiently  recognised.  Professor  Dove,  in  his 
researches  on  climate,  has  used  them  extensively. 

In  the  volume  before  us  we  find  the  results  collected  in  a  com- 
modious form,  superseding  the  necessity  of  referring  to  the  re- 
ports for  individual  years.  This  good  service  has  been  performed 
at  the  expense  of  the  legislature,  who  voted  no  less  dian  3000 
dollars  for  this  purpose,  an  example  worthy  of  imitation  by  our 
own  government,  who  have  as  yet  shown  much  apathy  with  regard 
to  any  attempts  to  explain  the  meteorology  of  Great  Britain,  al- 
though willing  to  second  the  efibrts  of  merely  nautical  men  in  this 
direction. 

The  introduction  to  the  work  before  us  explains  that  when  an 
improvement  was  contemplated  in  the  form  of  registers  to  be 
adopted  in  future,  the  opportunity  was  thought  a  good  one  to  col- 
lect the  more  important  results  of  twenty-five  years'  observations 
on  the  old  plan. 

We  have  here,  therefore,  in  the  first  place,  the  monthly  ave- 
rages of  temperature,  rain,  and  the  direction  of  the  wind,  for 
every  successive  year,  and  for  each  of  the  sixty-two  academies  or 
institutions.  These  occupy  460  pages.  A  condensed  summary 
of  the  whole  then  follows,  and  gives  the  most  important  results 
within  the  space  of  a  very  few  pages,  and  in  immediate  juxta- 
position. 

From  these  tables,  we  learn  that  the  mean  temperature  of  the 
whole  State  is  46°*74,  not  very  different  from  that  of  Edinburgh. 
The  mean  monthly  range  (which  is  the  average  of  the  extreme 
ranges  during  a  given  month  for  the  whole  period  of  years) 
amounts  to  67°,  and  the  mean  annual  range,  or  the  average  of 
the  difierences  of  the  extremes  of  each  year,  103°,  which  must  be 
under  the  mark,  as  self^registering  instruments  were  not  generally 
used.  At  every  station,  except  one  (Oyster  Bay),  the  thermo- 
meter has  fallen  below  zero  of  Fahrenheit  during  the  period  em- 
braced by  the  observations  ;  and  at  sixteen  of  the  stations  it  haa 
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exceeded  100°.  Thu  highest  temperature  recorded  is  105°;  the 
lowest — 40*^  (at  three  stations)  ;  which  is  the  lowest  that  could  he 
correctly  measured,  if  the  thermometers  were  mercurial  (as  is  pro- 
bable). The  extreme  range  of  temperature  in  the  State  for 
twenty-five  years  was  therefore  at  hast  1^6° ;  and  what  is  remark- 
able»  several  of  the  stations  show  a  range  nearly  of  this  amount 
(Grouyemeur,  Lowrille,  and  Washington  [Salem]  all  140^),  the 
greatest  cold  and  heat  occurring  usually  in  die  same  places.  These 
facts  give  a  lively  impression  of  the  excessive  character  of  one  even 
of  the  maritime  States  of  America. 

The  average  direction  of  wind  throughout  the  State  is  S.  80°  W. 
The  mean  aspect  of  the  sky  (showing  a  remarkable  variety  in  dif- 
ferent localities)  gives  an  almost  exactly  equal  number  of  dear 
and  cloudy  days  in  the  course  of  the  year.  The  average  amount 
of  rain  in  the  States  is  34*9  inches.  June  and  October  are  the 
two  wettest  months.  But  at  the  maritime  stations  the  largest 
quantity  falls  in  spring.  An  account  of  auroras  observed  both 
in  America  and  Europe  concludes  the  work. 


Advanced  Text-Book  of  Geology.    By  David  Page,  F.G.S. 

Blackwood.    12mo,    1856. 

In  our  remarks  on  Mr  Page's  Introductory  Text-Book  of  Geo- 
logy, we  felt  called  upon  to  notice  certain  errors  in  the  author's 
arrangement  of  stratified  deposits  and  grouping  of  fossils.  Mr 
Page  received  those  remonstrances  in  an  excellent  spirit,  and,  in  a 
second  edition,  corrected  the  mistakes  of  the  first.  It  is,  there- 
fore, with  unfeigned  pleasure  that  we  record  our  appreciation  of  his 
"  Advanced  Text-Book  of  Greology."  We  have  carefully  read  this 
truly  satisfactory  book,  and  do  not  besitate  to  say  that  it  is  an 
excellent  compendium  of  the  great  facts  of  geology,  and  written 
in  a  truthful  and  philosophic  spirit.  There  is,  however,  one 
serious  objection  to  the  commencement  of  his  tenth  chapter.  He 
almost  entirely  ignores  the  Cambrian  system  of  Professor  Sedg- 
wick. Now,  the  highest  authorities  on  geology.  Sir  C.  Lyell, 
Professor  John  Phillips,  and  Professor  Rogers  of  America,  &c., 
consider  that  the  Cambrian  system  requires  a  distinct  and  inde* 
pendent  grouping  from  the  Silurians,  and  that  the  Lower  Silurians 
terminate  with  the  base  of  the  Llandeilo  rocks.  Mr  Page  must  be 
aware  that  the  ^^hard  lines"  drawn  by  many  geologists  are 
rapidly  vanishing,  as  brighter  light  illuminates  the  still  indistinct 
records  of  Palaeozoic  ages,  or  he  would  not  have  warned  his  readers 
so  frequently  "  against  the  error  of  attaching  to  groups,  and. sys- 
tems, and  periods,  a  value  that  does  not  properly  belong  to  them." 
The   acknowledgment  of  the  Cambrian   system   by  the   distin^ 
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guished  authors  already  mentioned  should  have  induced  him  to 
admit  a  nomenclature  long  since  estahlished)  and  which  to  cashier 
altogether  is  absolutely  unjust. 

"  It  is  true,''  we  read  (p.  274)  **  that  the  general  facies  of 
the  plants  and  animals  that  lived  during  the  Silurian  epoch,  dif- 
fers considerably  from  the  facies  of  the  Devonian  flora  and  fauna ; 
but  it  is  not  true  that  the  strata  we  call  Silurian  imbed  a  system 
of  life  altogether  distinct  and  different  from  that  imbedded  in 
the  strata  we  term  Devonian." 

Let  this  reasoning  be  applied  to  the  Cambrian  Rocks.  The 
division  of  Silurian  and  Devonian  strata  is  convenient,  although 
some  of  the  organic  forms  are  identical^  and  pass  into  both  sys- 
tems ;  and  we  are  not  aware  that  Tremeola  didyma^  Palao-^ 
pyge  Ramsayi^  or  either  of  the  species  of  Oldhamia,  are  found 
in  the  Silurian  rocks  at  all.  If  Mr  Page  classes  the  Cambrian 
deposits  as  lower  Silurian  strata,  simply  because  trilobites  occur 
in  them,  he  should  extend  the  term  upwards,  and  include  the  car* 
boniferous ;  for  trilobitic  crustaceans  range  in  those  rocks  also ! 

Modem  geologists  and  writers  on  geology  would  do  well  to  re- 
member what  they  owe  to  the  ''  Principles,"  and  that  the  '*  Silu- 
rian System"  was  for  years,  at  least  throughout  Europe,  the  sole 
guide  on  Silurian  geology.  Again,  no  geologist  has  done  so 
much  to  unravel  those  rugged  strata  termed  Cambrian  as  Pro- 
fessor Sedgwick,  or  deserves  higher  acknowledgment  at  the  hands 
of  the  rising  disciples  of  the  science.  The  hard-working  and  active- 
minded  Professor  is  not  so  vigorous  as  formerly,  and  those  who 
have  profited  so  much  by  his  assiduity  and  experience  should  be 
especially  careful  to  render  honour  to  whom  honour  is  due. 


Report  on  the  United  States  and  MeaAcan  Boundary  Survey. 
By  Major  W.  H.  Emory,  Ist  Cavalry  U.  S.  Army.  (U.  S. 
Boundary  Commissioner.) 

The  first  volume  of  this  interesting  Report  has  been  printed,  but 
owing  to  delays  in  the  engraving  of  the  valuable  maps  designed  to 
illustrate  it,  it  is  not  yet  published.  Having  recently  perused  the 
printed  portions  of  the  work,  and  been  permitted  to  inspect  the 
maps  and  illustrations  in  the  ofiice  of  the  Boundary  Survey  in 
Washington,  we  propose  to  give  our  readers  a  brief  sketch  of  its 
scope  and  character.  Perhaps  there  is  no  survey  executed  under 
the  direction  of  the  government  of  the  United  States, — ^if  we  except 
the  admirably  organized  and  conducted  Coast  Survey, — ^which, 
for  accuracy  and  breadth  of  research,  promises  to  contribute  so 
much  to  our  knowledge  of  the  geography  of  the  Continent,  as  thi^ 
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important  exploration  along  the  extended  Mexican  frontier  of  the 
eountrj.  Nor  are  its  contributions  to  the  Natural  History  of  the 
interior  of  the  continent  of  less  relatiye  value  than  its  Greogra« 
phical  and  Astronomical  results. 

We  propose,  after  sketching  concisely  the  history  of  this  survey, 
to  state  the  nature  of  some  of  its  contributions  to  science,  under 
the  general  heads  of  Astronomy,  Greography  and  Climatology, 
Geology,  Botany,  and  Zoology. 

The  war  between  the  United  States  and  Mexico  resulted  in  1848 
in  a  treaty  of  peace,  which  aimed  at  defining  a  new  boundary  be- 
tween the  two  countries ;  but  in  tracing  that  boundary,  a  differ- 
ence of  opinion  arose  among  the  officers  of  the  United  States 
Government  employed  to  run  the  line,  and  the  work  was  virtually 
suspended.  It  appeared  that  no  interpretation  of  the  treaty  was 
compatible  vrith  a  boundary  line  which  would  permit  a  ready 
communication  between  the  United  States  military  posts  and  settle- 
ments on  the  River  Gila,  and  those  on  the  Rio  del  Nort6 ;  or,  in 
other  words,  a  practicable  road  between  the  Pacific  and  Atlantic 
slopes  of  the  United  States, — only  wide  desert  plains,  and  rugged 
barren  mountains,  scarcely  passable,  lying  along  the  projected 
frontier.  The  two  governments  therefore  concluded  a  new  treaty 
in  1863,  which  adjusted  all  disputed  points,  and  defined  such 
a  line  of  boundary  as  was  supposed,  at  tJie  time,  to  include  a  prac- 
ticable route  for  a  common  road,  or  even  a  railway,  across  the 
continent. 

The  boundary  line  now  successfully  traced  coinciding  only  in 
part  with  the  line  agreed  upon  in  1848,  maybe  defined  as  foUows : 
It  commences  at  the  mouth  of  the  Rio  Bravo  del  Nort6  (usually 
called  in  the  United  States,  Bio  Grande),  runs  thence  up  that 
river  to  its  intersection  with  the  parallel  of  31^  47'  north  latitude  ; 
thence,  along  that  parallel  100  miles ;  thence,  due  south  to  the 
parallel  of  31^  20' ;  thence  west  to  the  111th  meridian  of  longitude 
measured  from  Greenwich ;  thence,  in  a  straight  line,  to  a  point  on 
the  Rio  Colorado,  20  miles  below  the  Gila ;  thence,  up  the  middle 
of  the  Colorado,  to  a  point  near  its  junction  with  the  river  Gila ; 
and  thence,  in  a  straight  line,  to  a  point  one  marine  league  south 
of  the  Port  of  San  Diego. 

To  Major  Emory  was  assigned  duty  on  the  first  boundary  line, 
as  chief  astronomer  and  surveyor,  and  under  the  last  treaty  he  was 
appointed  the  commissioner  in  addition  to  his  other  duties,  the 
government  combining  the  whole  into  a  military  organization. 
The  entire  survey  has  therefore  been  conducted  under  his  direc- 
tion, and  to  him  and  his  assistants  we  are  indebted  for  the  ample 
mass  of  information  embodied  in  the  Report  and  maps,  now  soon 
to  be  published. 

This  Report  consists  of  four  parts,  in  two  large  quarto  Tolumes, 
and  is  divided  as  follows  : — Part  I.  embracing  the  personal  nar- 
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rativc  with  description  of  the  country,  and  the  Astronomical  re- 
sults ;  Part  II.  the  Geology ;  Part  III.  the  Botany ;  and  Part 
IV.  the  Zoology. 

The  maps  are  of  three  classes ;  1st,  a  General  Map  on  a  scale 
<^f  sjfwijFjru ;  2d,  four  maps  for  military  purposes,  on  a  scale  of 
Boo'.floo  ;  3d,  a  series  of  63  maps,  on  a  scale  of  ^T^^yirTy  >  ^^^9  4^^> 
a  series  of  maps  on  a  scale  of  ttjV?)  representing  the  islands  and 
special  localities,  and  the  features  according  to  which  they  have 
been  assigned  to  the  respective  countries.  The  maps  of  the  3d  and 
4th  classes  are  not  to  be  published,  but  are  to  go  into  the  archives 
of  the  government. 

There  are  about  800  illustrations,  including  those  of  objects  of 
natural  history.  Among  them  are  views  along  the  parallels  of 
latitude,  enabling  the  line  to  be  hereaflber  identified,  should  Indians 
or  others  remove  the  monuments  erected  along  it.  Besides  these, 
there  are  several  profiles,  exhibiting  the  undulations  and  altitudes 
of  the  surface,  and  others  constructed  as  geological  sections,  to 
represent  the  stratification  of  the  country. 

Astronomical  Results. — The  entire  length  of  the  boundary-line 
following  the  sinuosities  of  the  rivers,  is  upwards  of  2000  miles. 
When  it  is  considered  that  a  very  large  portion  of  this  vast  space 
is  travelled  by  bands  of  hostile  Indians,  it  must  be  obvious  that 
a  trigonometrical  survey  was  not  practicable.  The  next  most  accu- 
rate method  for  adoption  was  that  of  linear  surveys,  checked  by 
astronomical  observations.  Nine  or  ten  principal  points  were 
selected  as  primary  stations,  and  their  exact  places  determined  by 
elaborate  observations,  for  longitude  on  the  moon  and  moon-culmi- 
nating stars,  and  for  latitude  on  stars  near  the  zenith ;  the  instru> 
ment  used  being  a  46-inch  telescope  made  by  Troughton  and 
Simms.  Intermediate  points  were  then  determined  by  transmis- 
sion of  chronometers,  by  occultations  and  eclipses  of  the  satellites, 
and  by  all  the  means  resorted  to  which  give  results  of  a  secondary 
degree  of  accuracy.  In  tracing  the  parallels,  the  latitude  was 
determined  every  15  or  20  miles,  and  the  ordinates  to  the  parallel 
measured  from  the  prime  vertical,  which  was  determined  by 
measurements  of  the  elongation  of  Polaris,  made  with  the  best 
Gambey  theodolites.  The  reductions  for  longitude  were  made,  in 
all  practicable  cases,  from  corresponding  observations,  most  of 
which  were  furnished  by  Professor  Airey  of  the  Greenwich  Obser- 
vatory, and  for  which  Major  Emory  gratefully  acknowledged  his 
obligations  at  a  meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science,  held  in  Washington  in  1854,  the  Associa- 
tion voting  thanks  to  Professor  Airey. 

Among  the  more  valuable  of  the  astronomical  results  may  be 
stated, — the  determination  of  208  points  in  latitude  and  longitude, 
extending  entirely  across  the  contment,  most  of  them  not  pre- 
viously ascertained,  even  within  approximate  limits.     That  the 
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astronomical  work  has  been  conducted  with  extreme  caie  and  atten- 
tion to  accuracy,  is  shown  in  the  fact,  that  the  table  of  the  lati- 
tudes obtained  by  using  the  zenith  telescope  developes  very  dis- 
tinctly errors  in  the  declination  of  many  stars,  as  given  in  the 
Catalogue  of  the  British  Association. 

The  catalogue,  known  as  the  •*  Twelve  year  Catalogue/'  of 
more  recent  date  and  greater  accuracy,  could  not  be  advantage- 
ously used,  because  of  the  limited  number  of  stars  recorded  in  it ; 
and  therefore  the  much  more  comprehensive  British  Association 
Catalogue  was  employed. 

Two  Geoditic  lines,  of  very  considerable  extent,  were  determined 
in  connection  with  this  boundary.  The  first  connects  the  initial 
point  on  the  Pacific  with  the  junction  of  the  Gila  and  Colorado, 
and  has  a  length  of  148  miles.  The  second,  ranging  from  the 
point  on  the  Colorado,  20  miles  below  the  junction  to  the  inter- 
section of  the  111th  meridian  of  longitude  with  the  parallel  of 
31°  20^,  has  a  length  of  237  miles.  As  the  nature  of  the  country, 
especially  its  want  of  water,  and  of  the  means  of  subsistence, 
precluded  all  hope  of  uniting  the  extremities  of  each  line  by  trian- 
gulation,  it  was  resolved  to  establish  the  latitude  and  longitude  of 
each  point  by  direct  observation  on  the  heavenly  bodies,  and  com- 
pute the  azimuth  of  the  line  connecting  them.  So  nicely  were  the 
observations  made,  that  when  the  parties  charged  with  tracing  the 
first  line  upon  the  ground  met  in  the  Desert,  north  of  the  Colo- 
rado, they  were  within  100  feet  of  each  other. 

A  portion  of  the  country  adjacent  to  the  United  States  and 
Mexican  boundary  was  examined  by  Major  Emory  in  1846,  and 
some  of  the  results  of  this  reconnaissance  have,  through  an  error 
of  the  venerable  Humboldt,  been  accredited  to  Abert  and  Fremont, 
neither  of  whom  had  explored  the  region  till  after  this  eminent 
author  had  published  the  edition  of  his  (Aspects  of  Nature)  in 
which  the  allusion  is  made.  It  is  but  justice  to  mention,  that  the 
astronomical  determinations  made  during  that  reconnaissance  with 
the  sextant  have  not  been  changed  by  the  more  elaborate  observa- 
tions since  imdertaken  with  instruments  of  a  higher  class. 

Physical  Features, — ^We  cannot,  in  this  brief  sketch,  offer  a 
connected  description  of  the  remarkable  topographical  features  of 
the  country  intersected  by  the  boundary  line,  nor  more  than  allude 
to  the  great  table-lands,  and  chains  of  mountains  arising  from 
these.  Their  influence  is  all-controlling,  whether  we  view  it  in 
its  physical  or  social  relations.  No  student  of  the  physical  geo- 
graphy and  climatology  of  the  continent  can  find  his  way  to  an 
interpretation  of  their  phenomena  without  acquainting  himself 
with  the  structure  of  this  region ;  nor  can  the  statist  measure  at 
all  the  probable  future  progress  of  population  without  gaining  first 
a  close  understanding  of  its  topography. 

This  exploration  has  called  for  important  changes  in  the  map 
of  this  part  of  the  continent.     Following  the  line  of  the  boundary 
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inward  from  the  Gulf  of  Mexico,  we  pass  a  belt  of  lagoons 
separated  from  the  sea  by  a  chain  of  low,  sandy  islands  and 
marshy  flats.  The  firmer  land  bordering  the  lagoons  is,  for  the 
first  ten  or  twenty  miles,  a  flat,  verdant  prairie,  formed  of  alter* 
nating  river  and  marine  deposits.  West  of  this  low  plain  are 
salt  lakes  and  tracts  encrusted  with  white  saline  efflorescences, 
and  devoid  of  vegetation.  More  generally  there  is  a  clothing  of 
high  luxuriant,  coarse  grass,  interspersed  with  clumps  of  the  live 
or  evergreen  oak.  Passing  the  belt  of  prairie,  there  is  seen  a 
ridge  of  low  sand-hills,  apparently  an  ancient  coast-line  or  sea- 
margin.  This  steppe,  extending  many  miles  into  the  interior,  has 
a  sandy,  calcareous  soil,  the  washings  of  the  wide  cretaceous  for- 
mation, which  spreads  hence  to  the  centre  of  the  continent.  The 
soil  itself  is  unsurpassed  in  productiveness,  wherever  the  vegetation 
finds  a  sufficiency  of  moisture ;  but  between  the  Nueces  and  the 
Rio  Bravo  del  Nort6,  a  great  deficiency  of  rain  renders  agriculture 
extremely  precarious.  Indeed,  when  we  approach  the  Rio  Bravo, 
the  aridness  becomes  excessive,  and  the  natural  vegetation,  in 
adjustment  with  it,  is  that  of  a  semi-desert  country,  consisting 
largely  of  the  Cactacece  and  other  spinous  plants.  Large  tracts 
to  the  west  and  south  of  the  Nueces,  are,  however,  richly  covered 
with  grass,  and  here  are  to  be  seen  countless  multitudes  of  wild 
horses  and  cattle.  Towards  the  Rio  Bravo  the  surface  is  exten- 
sively cut  by  deep  precipitous  gullies,  called  Arroyos,  which  for 
many  months  contain  not  a  drop  of  water,  and  again  in  the  brief 
season  of  rains  are  the  channels  of  wild,  impetuous  torrents. 

In  the  more  prosperous  days  of  Mexico  extensive  reservoirs  for 
water  were  kept  up  at  certain  stations  throughout  this  deficiently- 
irrigated  countary,  but  these  have  gone  to  ruin.  Throughout  the 
entire  valley  of  the  Rio  Bravo  and  its  tributaries  Indian  com  can 
scarcely  be  cultivated,  except  in  the  low  lands,  susceptible  of 
natural  overflow  or  artificial  irrigation.  On  the  table-lands  or 
Mesas,  unsnited  to  cultivation,  grow  many  semi-tropical  plants,  as 
Yuccas,  Dasylirions,  and  Agaves,  useful  for  their  fibres;  also  legu- 
minous shrubs  and  trees,  furnishing  gums,  tanning,  and  nutritious 
pods.  While  the  upper  Rio  Bravo  is  fed  by  the  melting  of  the 
snows  of  the  Rocky  Mountains,  the  lower  portion  of  the  river 
receives  only  tributaries  supplied  by  the  tropical  rains. 

Ascending  the  gulf-slope  of  the  continent  westward,  there 
succeeds  an  elevated  plateau  known  as  the  Llano  Estacado  or 
Staked  Plains,  through  the  eastern  terraces  of  which  issue,  by  deep 
and  narrow  defijes,  called  Carons,  the  attenuated  sources  of  the 
Red  River  and  other  streams.  Throughout  a  great  portion  of  the 
year  this  table-land,  which  varies  in  elevation  from  8600  to  4000 
feet,  is  almost  absolutely  rainless.  Perhaps  the  total  rain-fall 
for  the  year  amounts  to  8  or  9  inches.  Between  the  102d  and 
106th  meridians  of  longitude,  a  broad  belt  of  mountain  table- 
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land  crosses  the  Rio  Bravo  W.  of  the  Pecos,  ranging  N.W.  and 
S.£.  It  is  this  broad  barrier  which  deflects  the  Kio  Bravo  at  its 
great  bend,  the  river  flowing  through  a  stupeudons  narrow  ravine 
or  Canon  between  gigantic  vertical  walls  for  more  than  one 
hundred  miles.  These  mountains  rise  to  a  great  height  near 
Monterey  and  Saltillo,  and  form,  it  is  thought,  the  Sierra  Madre 
of  Nuevo  Leon  in  Mexico.  Still  further  west  we  meet  other  spurs 
of  the  Rocky  Mountains,  one  main  range  of  which  subsiding  in 
height  near  the  36th  parallel  of  latitude  and  east  of  the  Rio 
Bravo,  crosses  the  boundary  under  the  name  of  the  Organ 
Mountains,  near  £l-Paso,  sinking  to  rise  again  and  merge  itself 
in  the  high  table-lands  of  Mexico.  This  ridge,  or  chain  of  ridges, 
is  by  some  geographers  regarded  as  the  Sierra-Madre,  or  Mother 
Mountain,  that  is  to  say,  the  true  water-shed  of  New  Mexico ; 
but  Major  Emory  states  that  the  Sicrra-Madr^  and  the  Rocky 
•Mountains,  about  the  parallel  of  32°,  lose  their  continuous  cha- 
racter, and  assume  the  forms  graphically  described  in  the  western 
coimtry  as  lost  mountains^  or  mountains  without  apparent  con- 
nexion. The  ridges  rise  abruptly  from  the  high  plateau  which 
supports  them,  and  as  abruptly  terminate ;  so  that,  by  winding 
around  their  bases,  it  is  possible  to  cross  the  whole  mountain 
system  in  the  region  near  the  boundary-line,  or  near  the  32d 
parallel,  almost  on  the  plane  of  the  table-land,  and  at  a  height 
not  exceeding  4000  feet.  This  table-land,  forming  the  back- 
bone of  the  continent,  attains  its  greatest  elevation  in  Mexico, 
where  it  is  nearly  10,000  feet  above  the  sea,  and  it  is  an  interest- 
ing circumstance,  that  its  lowest  depression  is  very  nearly  coincident 
with  the  parallel  of  32°.  Ascending  thence  from  a  height  of  4000 
feet,  it  undulates  between  7000  and  8000  feet  to  near  the  49th 
parallel,  or  the  northern  boundary  of  the  United  States,  where  it 
once  more  begins  to  sink.  It  was  upon  a  hint  supplied  by  the 
reconnaissance  of  1846,  of  the  existence  of  this  remarkable  trans- 
verse depression  near  latitude  32°,  that  the  government  of  the 
United  States  instructed  its  minister,  when  negotiating  the  treaty  of 
Guadalupe  Hidalgo,  not  to  take  a  line  north  of  the  32d  parallel 
as  the  boundary  with  Mexico. 

Between  the  Rio  Bravo  and  the  head  of  the  Gulf  of  California 
the  general  trend  of  the  more  distinctly  marked  mountain  ranges 
rising  above  the  great  table-land  of  New  Mexico,  is  N.W.  and  S.B. 
From  the  eastern  edge  of  the  plateau  westward,  to  longitude  110, 
the  principal  ridges  adjacent  to  or  crossed  by  the  boundary  line, 
are  the  San  Luis,  the  Guadalupe,  and  San  Padro,  in  the  order 
named.  .  The  San  Luis  Mountains,  rising  abruptly  a  little  north 
of  the  line,  and  running  south,  appear  to  be  by  far  the  most  massive 
chain  in  this  latitude  west  of  the  Rio  Grande.  They  are  the 
Sierra  Madr^  Mountains  of  Sonora  and  Chihuahua,  though  it 
would  appear  that  they  are  not  on  the  very  water-shed  of  this 
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part  of  the  continent,  some  of  the  Pacific  rivers  originating  to 
the  east  of  them,  and  flowing  through  thcin  by  gigantic  chasms. 

Geological  Results, — ^The  geological  examinations  made  in  con- 
nexion with  the  United  States  and  Mexican  Boundary  Survey 
embrace  a  general  reconnaissance  of  the  formations  illustrated  by 
collections  along  the  entire  line  from  the  Gulf  of  Mexico  to  the 
Pacific  Ocean.     Among  the  main  facts  elicited  are  the  following : 

The  existence  of  a  marine  tertiary  belt  on  both  sides  of  the 
Kio  BravOy  skirting  the  west  coast  of  the  Gulf  of  Mexico,  but 
less  developed  in  horizontal  breadth  and  in  thickness,  than  where  it 
forms  the  low  Plain  of  Louisiana,  Mississippi,  and  Alabama.  The 
interior  limit  is  near  San  Antonio,  or  more  strictly  at  Beynosa, 
where  the  tertiary  strata  are  succeeded  by  the  cretaceous.  This 
latter  great  system  of  deposits,  abounding  in  well  characterized 
fossils,  spreads  continuously  from  near  San  Antonio,  to  the  water- 
shed between  the  Bio  Pacos  and  the  Bio  Grande,  which  river 
passes  through  it  by  a  series  of  gigantic  canons  or  profound 
ravines.  The  continuity  of  the  formation  is  interrupted  below 
the  Presidio  del  Norte  by  prodigious  masses  of  intrusive  igneous 
rocks,  which  have  variously  inclined  its  elsewhere  nearly  horizontal 
strata.  In  some  localities  the  nearly  level  beds  are  extensively 
covered  with  overflows  of  comparatively  modem  lavas.  The 
Limpia  Mountains  contain  various  igneous  rocks,  such  as  recent 
lavas,  trachyte,  amygdaloid,  and  porphyry.  On  the  western  slope 
of  this  range  we  encounter  the  Carboniferous  Limestone  rising  out 
from  beneath  the  cretaceous,  and  dipping  strongly  towards  the 
west  This  limestone  gives  indications  of  metamorphism  from 
heaty  and  is  traversed  by  many  outbursts  of  igneous  matter. 
Hence  to  the  eastern  base  of  the  Sierra  Madrd  the  traveller  meets 
a  succession  of  mountain-ridges  and  plateaux  composed  largely  of 
the  carboniferous  and  other  palseozoic  rocks,  supporting  in  the 
valleys  and  plains  between  them  narrower  isolated  basins  or  shal- 
low patches  of  the  cretaceous  deposits.  The^i  Sierra  Madrd  itself 
is  characterized  by  igneous  products  not  differing  materially  from 
those  which  occur  in  the  Limpia  range.  A»  a  mountain  system 
it  includes  a  great  number  of  broken  ridges,  running,  for  the  most 
part,  N.W.  and  S.E.,  but  tied  together  by  transverse  ridges,  in- 
closing extensive  basin-like  plains, — ^the  parched  and  formidable 
Jomadas  (journeys  or  forced  marches)  of  this  district. 

Advancing  westward,  the  first  extensive  exhibition  of  the  ancient 
plutonic  rocks,  granite,  &c.,  and  of  the  older  metamorphic  strata, 
gneiss,  mica-slate,  &c.,  is  low  down  along  the  valley  of  the  Biver 
Gila,  where  they  occur  first  in  isolated  exposures,  but  further  on 
constitute  the  main  crests  of  the  Cordilleras  of  California.  North- 
east and  east  of  the  San  Bamardino  range,  and  west  of  the  Colorado, 
occur  wide  beds  of  comparatively  modern  tertiary  deposits,  and 
other  apparently  still  more  recent  tertiaries  around  the  head  of 


338  Correspondence. 

the  Oulf  of  Califoniia.  West  of  the  Peninsular  chain,  or  im- 
mediately bordering  the  Pacific,  is  a  very  narrow  interrupted  strip 
of  tertiary  strata,  probably  of  several  dates,  but  mainlf  Miocene. 

Botanical  Results. — ^The  botanical  collections  of  the  Mexican 
Boundary  Survey  include  a  large  mass  of  material,  illustrating 
well  the  geographical  distribution  of  plants  tbroughout  the  long 
zone  explored.  The  final  revision  of  these  is  not  yet  completed, 
but  enough  is  known  to  authorize  us  to  state,  that  the  new 
species,  including  those  already  published  in  the  Plantie  Wright- 
iane,  pertaining  properly  to  the  boundary  survey,  amount  to  at 
least  500,  embrticed  in  some  fifty  new  genera.  The  Cacti  alone 
include  fifty  new  species,  presenting  numerous  examples  of  all 
the  extra-tropical  genera,  Mammillaria,  Echinocactus,  Cereus,  and 
Opuntia.  The  final  Report  will  be  richly  illustrated  with  good 
drawings  of  the  new  species,  and  will  contain  much  interesting 
Information  on  their  geographical  distribution,  treating  also  of  the 
medicinal  and  economical  uses  of  the  plants  of  the  district  surveyed. 

Zoological  Besults, — Though  it  is  premature  to  attempt  at 
present  any  detailed  notice  of  the  zoological  discoveries  connected 
with  this  boundary  survey,  the  final  determinations  and  special 
reports  being  not  ^et  completed,  we  are  justified  in  stating  that 
important  additions  have  been  made  to  the  recordel  fauna  of 
North  America.  Many  species,  either  entirely  new,  or  for  the 
first  time  discovered  within  the  limits  of  the  United  States,  have 
been  collected  by  the  commission.  The  list  includes  about  twenty- 
five  species  of  mammals,  fifteen  of  birds,  sixty-five  of  reptiles,  and 
eighty  of  fishes  contributed  to  the  fauna  of  the  United  States ;  of 
these  at  least,  four-fifths  are  entirely  new.  Of  serpents  alone 
there  are  twenty-five  species.  Among  the  mammals  may  be 
mentioned  Felis  Yagouarundi^  and  F,  unicolor^  Csrous  niemcanus^ 
Lacidea  berlandieri,  also  species  of  Geomys,  Neotoma,  and 
Sigmodon;  among  the  birds,  Ftreo,  Dendrocygna^  &c.  ;  the 
reptiles,  Hdoderma^  Dipsas,  CrotdluSi  Ranhyla  ;  and  among  the 
fishes,  families  of  Charaeini,  and  fresh- water  Labroidi, 

H.  D.  R. 
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To  the  Editors  of  the  Philosophical  Journal, 

Gbntlbmbn, — Of  the  celebrated  men  of  science  of  the  last  cen*' 
tury,  there  is  one  who  holds  a  high  rank  as  a  discoverer,  as  a 
philosopher,  in  the  best  sense  of  the  word,  and  as  an  historian  of 
science,  viz.,  Bergman.  Amongst  some  letters  which  have  lately 
eome  into  my  possession,  there  are  several  from  this  distinguished 
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man.  Thej  had  been  preserved  by  my  brother,  the  late  Sir 
Humphry  Davy.  The  mere  drcumstance  of  being  kept  by  him» 
who  was  little  in  the  habit  of  keeping  letters,  would  seem  to 
indicate 'the  value  he  attached  to  tiiem.  They  are  all  in  the 
Latin  language,  and  are  all  addressed  to  the  same  individual,  a 
Dr  Schwediauer,  who,  from  the  terms  employed,  was  evidently  an 
esteemed  friend  of  their  author.  The  short  period  they  comprise 
is  that  of  four  years,  from  1780  to  1784, — these,  his  last  years, 
his  death  having  taken  place  on  the  8th  July  1784,  at  the  little 
a!dvanced  age  of  63.  In  one  of  these  letters,  that  of  the  12th 
October  1781^  it  is  worthy  of  remark,  that  he  makes  mention 
of  a  severe  attack  of  hesmoptysis  following  the  suppression  of  an 
habitual  hesmorrhoidal  discharge  to  which  he  had  been  subject — 
an  attack  from  which  he  recovered  with  difficulty,  and  which  pro- 
bably shortened  his  life.  Notwithstanding,  I  can  find  no  notice 
taken  of  it  by  any  of  his  biographers. 

As  examples  of  the  manner  in  which  men  of  science  then  cor- 
responded, as  well  as  on  account  of  the  reputation  of  the  writer, 
and  the  topics  which  they  treat  of,  I  have  selected  five  out  of  the 
sixteen  in  my  possession  as  most  likely  to  be  interesting :  these  I 
indose,  venturing  to  indulge  in  the  hope  that  you  may  consider 
them  deserving  of  insertion  in  the  Edinburgh  Pkihsaphical 
Journal. 

Those  of  your  readers  who  may  not  be  well  acquainted  with  the 
varied  labours  and  discoveries  of  Bergman,  will  find,  should  their 
curiosity  be  excited,  a  pretty  ample  account  of  them,  and  of  the 
particulars  of  his  career  of  life  devoted  to  science,  either  in  Eose's 
Biographical  Dictionary,  or  in  the  eleventh  volume  of  the  Philo- 
sophical Transactions,  abridged,  or  more  in  detail  in  the  second 
volume  of  Dr  Thomas  Thomson's  History  of  Chemistry. — I  am, 
gentlemen,  your  obedient  servant, 

John  Davy. 

Lesketh  How,  Ambleside,  "Soy.  14, 1866. 

Cdeberrims  Domine  Doctor, 

Tuam  3  Julii  scriptam  epistolam  nuper  accepi,  eamq.  non 
sine  singulari  voluptate  perlegi,  quippe  qusB  novissima  Ghemies 
incrementa  generatimq.  hujus  scientise  in  Anglia  statum  enarrat. 
Quod  mea  opuscula  approbatione  recipiantur,  me  non  potest  non 
delectare.  Veritatem,  ubi  decet,  candidus  qusesivi,  et  ea,  quam 
illis  per  totam  Europam  adquisivi  benevolentiam,  meos  labores  non 
prorsus  caruisse  successu,  mihimet  persuadet.  Defectum  exem- 
plarium  in  Anglia  eo  magis  segre  fero,  quo  certius  naves  hoc  anno 
vestram  insulam  petitursd  dudum  abierunt,  adeo  ut,  nisi  inopinata 
oocasione,  plura  apportari  nequeunt  citius,  quam  proximo  vere. 
Tunc  autem  ut  habeas  operam  dabo.     Interea  titulos  Disserta- 
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tionmn  in  secundo  yolumine  oocurrentium  memorasse  non  forte 
displioebit.  Primum  undecim  continet,  Becundum  qaatuordecim. 
xiima  agit  de  fonnis  crystallonim ;  xiiima  de  Terra  silioea ;  zivma 
de  Lapide  hydrophano;  mua  de  Terra  gemmarum;  xvita  de 
Terra  Turmalmi ;  xviima  de  Calce  auri  fulminante ;  xyiiima  de 
Platina ;  zizma  de  mineris  ferri  albis ;  xzma  de  Niccolo ;  xjnma 
de  Arsenico  \  zziida ;  de  mineris  zinci ;  xxiiitia  de  Pnecipitatis 
metallicis:  xxivta  de  Dodmasia  minerarum  humida;  et  zxvta 
de  Tubo   ferruminatorio,  ejusdemq.  in  ezplorandia  oorporibus 

Dissertationes  de  Terns  geoponicis  et  de  pigmento  indigo,  in 
Gallia  sunt  impress®,  adeo  ut^  non  nisi  imicum  utrinsq.  exem- 
plar possideam,  sed  in  yolumine  tertio  prodibunt  revisn  una  cum 
aliis  de  Productis  vulcaneis,  de  Attractionibns  clectivis,  de  calcu- 
lis  animalium,  et  que  sunt  reliquso.  Immo  huie  Tolumini  Scia- 
grapbiam  regni  mineralis,  secundum  principia  constitutiva  digesti, 
inserendam  cogito. 

Laminam  metallicam  mibi  missam  examinayi,  eamque  pneter 
cuprum  et  zincum  vix  quidquam  continere  reperi.  Ferro  caret  et 
nihil  aliud  esse  videtur,  quam  orichalci  species,  qusB  ignita  aquas 
immergitur,  ut  fiat  durior  et  magis  elastica,  has  enim  qualitates 
fusione  fugavi  et  dicta  operatione  revocavi  pro  lubitu. 

Observationes  et  experimenta  Domini  Crawford  de  igne  luben- 
ier  legercm,  nee  non  Domini  Higgins  de  glutine  murario,  aliaq. 
novissima  Chemiam  quodammodo  tangentia.  Si  cujusvis  operis 
exemplar  Domino  von  Asp,  Legationis  suecicisa  Secretario  tradere. 
Tibi  placeret,  hie  sine  dubio  prima  occasione  mittet.  Quo  Tibi 
lubet  mode  debitum  solvam.  Syeciam  sero  ingrediuntur  libri 
anglici. 

Quod  a  Domino  Fontana  mihi  missum  scribis,  non  accepi. 

Experimentum  cum  Phosphoro  vitrum  corredente  notatu  est 
dignissimum  et  cito  repetendum  meditor.  Sed  forte  vitri  angli- 
cani,  quod  multum  plumbi  continet,  in  hoc  momento  lopge  alia 
est  ratio,  quam  nostri. 

In  dissertatione  anno  1740  edita  Dr  Haupt  salem  vocat  perla- 
tum,  qui  in  urina  inspissata  una  cum  sale  microcosmico  deponi- 
tur.  Hie,  uti  jam  notum  est,  constat  alkali  minerali,  acido 
phosphori  satiate. 

In  Medical  Review,  pag.  139,  determinationem  desideras  can- 
thari,  at  sequent!  explicatione  memet  sine  dubio  sufficienter  ex- 
cussatum  reperies.  In  experiundo  Svecies  pondera  et  mensuras 
adhibui,  pratereaq.  supervacaneam  cum  exoticis  comparationem 
duxi,  quum  hsBC  satis  adcurata  in  Actis  Academia  Stockholmensis, 
ante  plures  retro  annos  translatis  in  linguam  Germanicam,  et 
postea  quoq.  in  Latinam  et  Gallicam,  occurrat.  In  volumine 
nemper  septimo,  pro  anno  1746  pondera  et  in  volumine  sequenie, 
pro  anno  1747,  mensursB  nostras  examinantur.     Pes  suecanus  in 
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volumine  primo  determinatur.     Itaq^.  non  potui  non  hsec  prae- 
terire,  quum  eadem  cognita  crediderim. 

Hac  occasione  plura  scribere  non  vacat.     Dum  prozima  vice 
mihimet  scribis,  epistolam  extus  ita  signes. 

To  the  Eoyale  Society,  at  Upsal,  in  Sweden. 
Intns  yero  ad  initium  adscribis :  To  Mr  T.  Bergman.     Cete* 
ram,  anglica,  yel  qua  Tibi  libuerit  lingua,  scribas.     Yaleas,  vir 
Celeberrime,  optat. 

Tui  Nominis. 
Dabam  Upsaliae,  die  19th  Sept.  Cultor  observantissimus, 

anno  1780.  T.  Bebgmak. 

Cdeherrimo  Eaiperientisaimoq.  D.  Doctori  Schwediauer,  S.P.D. 

T.  Bebgman. 

Epistolam  iuam  die  24  Octobris  scriptam  die  10  Dec.  obtinui. 
Si  nondum  sarcinulam  ablegaveris,  quae  opuscula  anglica  mihimet 
destinata  oontinet,  eximas  Scheelii  tractatum  de  igne,  quippe  quem 
mihi  misit  D.  Forster  una  cum  itinere  islandico  translato,  itemq., 
Dissertationem  Domini  Magellan,  quam  dono  auctoris  jam  po- 
sideo,  et  Miilleri  de  Turmalinis  Tyrolensibus,  A.  D.  Boru,  missam. 
Addas  vero,  si  placet,  quae  Priestleyus  nuper  edidit,  cujus  hac- 
tenus  non  nisi  tria  volumina  de  aere  adquii*ere  potui.     Sarcinula 
sine  dubio  adhuc  restat  apud  D.  Asp,  adeo  ut  haec  permutatio 
facile  peragi  possit,  et  etiam  quae  hac  hieme  imprimuntur  add), 
quum  yix  nisi  primo  yere  eam   mittendi  occasio  occurret.     In 
proximis  litteris  memot  instruas,  quomodo  inscribenda  sit  sarcinula, 
cum  priiHa  naye  imminentis  anni  Tibi  mittenda,  ut  illam  Londini 
cito  et  tuto  obtineas  ?     Quaedam  ne  desideras  exemplaria  Disser- 
tationum,  Opusculis  licet  dudum  insertarum,  si  quae  forte  super- 
sunt  primae  editionis  specimina,  seorsim  edita?     Opusculorum, 
yol.  secundum,  nondum  Lipsiam  attigit.       Bibliopola  lyersen, 
Lubecae  habitans,  exemplaria  per  Gennaniam  diyendendi  curam  in 
se  suscepit,  quae  dudum  in  ejus  manus  peryenisse  spero.     Est  ne 
quidquam  commercii  Lubecam  inter  et  Londinum  1  Facilius  saltira, 
quam  e  Lipsia,  exemplaria  adquiri  posse  yidentur  si  quaedam  de- 
sideras antequam  proximo  yere  mihimet  mittendi,  occasio  sub- 
ministrari  potest.     Jam  ad  quaestiones  propositas  seorsim  resol- 
yendas  memet  confero. 

Lacca  sigillatoria  caerulea  e  caeruleo  Berolinensi,  quod  immis- 
ceatur  gummi  laccae  leniter  fuso.  N.B.  instar  cerae  dealbato,  nam 
si  flayet,  yiredo  oritur.  Hanc  laccam  sigillatoriam  non  ad  candelae 
flammam  accendere  licet,  sed  mediante  idoneo  aestu  caute  est  fun- 
denda,  dum  litteris  claudendis  inseryiet.  Vitrum  cobalti  similiter 
adhiberi  potest. 

Animcdisatio  telae  linteae  primo  peragitur  illam  cum  stercore 
yaccino  recente  probe  fricando  et  in  aere  exsiccando.     Dein  tela 
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lota  plnries  immergatur  lixivio  saponaeoo  e  sato  sodflB  et  pingaidine 
animali,  praesertim  cetaceomm,  facto,  et  inter  quamlibet  immer- 
Bionem  solis  exposita  radiis  exsiocetur.  Hoc  sunt  momenta 
operationis  cardinalia. 

Sal  ammoniacus  acido  constat  mnriatico  per  alkali  volatile 
Batiato,  ubi  notum  est.  Ut  hie  cum  lucro  confici  queas  prindpia 
habeantur  oportet  vili  pretio.  Sed  aqua  marina,  separata  per 
crystallisationem  miiria,  multum  continet  magnesite  addo  salis 
satiatflB,  adeo  tamen  laxe  adherentis,  ut  solo  calore  destillatorio 
acidum  sejungi  possit.  Hinc  intelligitur  ratio  ob  quam  in  confiniis 
maris  arte  &ciliQS  paretur  sal  ammoniacus.  Alkali  volatile  ab 
ungulis  et  comubus  animalium  obtinetur,  nee  non  ab  omnibus  aliis 
animalium  partibus. 

MolvbdsBna  vix  novum  continet  metallum.  Constat  namq. 
acido  quodam  particular!  sulphuri  adunato.  Quum  arsenicum 
regulinnm  experimentis  congruenter  nihil  sit  aliud,  quam  peculiare 
acidum  phlogisto  satiatum,  adeoq.  sulphuris  species,  arsenicum 
autem  album  idem  acidem  tanto  foetum  inflammabili,  quanto  ooa- 
gulationi  (non  saturationi)  opus  est,  non  sine  magna  probabilitatis 
specie  credo,  quodlibet  metallum  constare  quodam  acido  radicali, 
quamvis  hactenus  a  nullo  acido  metallico,  preeter  arsenicale, 
phlogiston  penitus  evelli  potuerit.  In  molybdeena  prsesens  acidum, 
ni  fallor,  metallicum  est,  forte  stanni.  Plumbago  longe  alius  est 
indolis,  continens  vix  aliud  quam  acidum  sreum  et  phlogiston. 

Magnesia  nigra  minime  eodem  modo  reduci  potest,  quo  alia 
metalla.  Methodum  idoneam,  in  Opusc,  vol.  ii.,  descriptam  in^^ 
venies,  vel,  si  desideras,  alia  vice  in  litteris  communicabo.  De- 
scriptio  Telluris  physica  secunda  vice  prelo  snbjecta  est  anno  1778. 
Annis  7  sequentibus  multa  didici,  multa  hue  pertinentia  ab  aliis 
sunt  detecta,  qu»  ideo  desiderantur.  Versionem  secunds  editionis 
Germanicam  nondum  vidi :  ut  compares  suecanum  mittom  ex- 
emplar. 

Nonne  in  Officina  Bentleyana  imagines  quorundura  chemicorum 
et  illustrium  physicorum  fingantur  f  Si  ita,  illas  lubenter  emerera, 
simulq.  quae  in  anglia  teri  indsaa  reperiuntur.  Gontemplatio 
imaginum  virorum,  qui  in  physica  et  chemica  paleestra  desudarunt 
memet  magnopere  delectat. 

Quanti  constat  series  imperatorum  et  illustrium  Romanorum, 
more  Bentleyano  fictorumt  Quanti  notabiliorum  Deorum  et 
Dearum  \     Nonne  catalogus  haberi  queat  cum  addito  pretio  % 

Eximia  est  observatio  Domini  Fontans  de  Sulphure  majore 
sBstu  rigescenti  sed  idem  aeddit  antimonis  crude,  argento  salito 
multisq.  aliis  corporibus. 

Huic  epistoka  Dissertationem  adnecto  nuper  editam  de  diversa 
in  metalUs  phlogisti  quantitate.  Si  plura  desideras  exemplaria 
indices  numerum. 

D.  Binman  nuper  pigmentum  viride  invenit|  quod  tarn  aqoa 
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quam  cum  oleo  non  tantum  egregiam  est,  sed  etiam  nnlli  obnozium 
motationi  En  pneparationem :  Solutio  cobalti  commisoetur  cum 
Sidutione  zinci  et  dein  alkali  fizo  pnecipitatio  instituitiir.  Sede- 
mentum  roseum  collectum,  lotum,  ezsiccatum  ct  tandem  calcina- 
turn  yirescit  plus  minus  saturato  colore,  pro  vario  ingredientis 
zinci  quantitate. 

Actorum  StocUiolmensium  in  linguam  Germanicam  translato- 
rum  nuper  volumen  35  in  lucero  prodiit.  Yale,  vir  oeleberrime, 
iteramq.  vale.     Dabam  Upsaliss,  die  22  Dec.  17B0. 

Amplissimo  Clarissimoq.  Viro^  D.D,  F.  Sehwediauer^ 

S.P.D.     T.  Bergman. 

Epistolam  tuam  scriptam,  d.  27  Jan.,  aeque  ac  aliiui  d. 
24  Aug.  Londini  datam  accepi.  Epistolas  tuas  in  posterum 
sicut  antea  inscribas.  '*To  the  Eoyale  Society  at  Upsal/' et  in 
meas  moz  perrenient  manus,  modo,  ut  antea,  ab  initio  meum 
memores  nomen.  Nee  opus  est,  ut  peculiari  charta  inyolvantur. 
Gaudeo,  quod  mea  ultima  sarcinula  ad  te  rite  parrenerit.  A  Te 
ad  me  missum  nondum  accepi,  nee  bactenus  de  ilia  Stockholmiaa 
uUam  notitiam  adquirere  potui.  Utinam  nomen  naucleri  vel 
nayis  in  memoriam  Tibi  revocare  posses,  et  tcmpus  quo  abierit, 
turn  forte,  bisce  cognitis,  melius  succedet  nova  inquisitio.  Ut  de 
hisce  momentis  cito  me  instruas  oro. 

Ad  finem  Augusti  gravi  afflictus  sum  morbo.  Sanguis,  qui  per 
baemorrhoides  per  plures  annos  consuetum  habuit  ezitum,  subito 
corporis  superiores  partes  et  praesertim  pulmones  adgressus  est, 
unde  Tiolenta  oriebatur  hsemoptysis.  Farum  abfuit,  quum  haec  in 
tumulum  memet  transtulerit.  Jam  quodammodo  restitutus  adbuc 
tamen  magna  laboro  debilitate,  adeo  ut  faac  vice  plura  scribere 
nequeam.     Vale,  vir  ezperimentissime,  iterumq.  yale. 

In  enumeratione  librorum,  quos  mihi  missos  scribis,  Kirwan  de 
acidorum  fortitudine,  quam  antea  promisisti,  desidero,  sed  forte  in 
sarcinula  nihilo  minus  adest,  modo  illam  reperire  potem. 

Dabam  Upsalias,  d.  12  Oct.  1781. 

Celeberrimo  D^  F.  Schwediauer^  S.P,D.     T.  Bergman. 

Tandem  heri  arcam  a  te  misam  laetns  acce|n,  simulq.  e  tua 
epistola  morse  causam,  mibi  proficuae,  perspezi.  Quum  autem  in 
litteris,  ad  finem  Junii  datis,  illam  dudum  in  navi  dcpositam  nar- 
rayeris,  inimico  &to  perditam  non  potui  non  credere  mense 
Octobri. 

Libri  omnes  gratissimi  faerunt.  Kiirani  Schediasma  adfuit, 
qoamyis  in  catalogo  missorum  ejus  fueris  oblitus,  sed  noya  metho- 
dus  Henrjaoa  desideratur,  hie  tamen  defectus  memet  non  angit, 
namq.  in  opere  Gayalliano  ezplicatam  spero.      Quod  imagines 
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ejusdem  magnitudinis  haberi  non  potuerint,  oerto  quidem  respectu  . « 
coUectionis  meaB  imperfectionem  prodit,  sed  hoc  ipso  plerosq. 
majores  ideoq.  pulchriorea  obtinui,  sine  dubio  tamen  longe  cari- 
ores,  quod  in  Te  minime  redundare  debet.  Ut  igitur  quod  debeo 
indices  rogo  et,  praeter  gratiarum  actionea,-  peconiam  Inbenter 
solvam.  In  epistola  16  numeras,  sed  non  nisi  15  acoepi.  Forte 
Cartesii,  qua  haberi  non  potuit,  connumerasti.  Crystalli  arena- 
oeae  gallicae  mihi  fuerunt  perquam  gratse,  aeque  ac  lapid)B  cyaneo 
et  viridi  resplendescentis,  nam,  quod  antea  possideo  specimen, 
solum  cyaneum  colorem  monstrat.  Alia  variatio  flavo  splendet, 
sed  hanc  nondum  vidi,  forte  rariorem. 

Crystalli  salin»,  quas  misisti,  nihil  aliud  sunty  quam  Sal  Seig- 
netti.  Primo  intuitu  cognoscebam.  Auctoris  ideo  arcanum  nihil 
valet.  Pulvis  pro  poliendo  auro  est  subtilis  ochra.  Residuum 
post  destillationem  nitii  cum  yitriolo  martis  solvatur  aqua,  quan- 
tum nimirum  fieri  potest,  haec  solutio  filtro  coletur,  addatur  solu-  ' 
tio  alkali  fixi  et  subtilis  decidet  ochra,  aurifabris  sine  dubio  seque 
apta,  ac  missa,  forte  eadem  methodo  parata,  forte  etiam  e  dicto 
residuo,  motu  tantum  aquffi,  quse  pulvcrem  subtilissimum  diutis- 
sime  suspensum  tenet,  separata.  Color  panni  lutei  missi,  ni 
fallor,  modo  in  §  377  Praelect.  Scheffcr.  descripto,  efficitur,  po- 
tius  ochraceus,  quam  flavus  vocandus.  In  Suecia  (lores  Chasrophyl- 
li  sylvestris  (Fl.  sued  257)  linteis  materiis  colorem  longe  Iseti- 
orem  impertiunt,  qui  pluries  lotionem  cxun  sapone  perfert  et  lente 
quoq.  solari  debilitatur  luce.    Conferatur  specimen  heic  indusum. 

In  quadam  epistola  dephlogisticationem  addi  salis  per  calcem 
memoras.  Eamdem  dein  frustra  tentavi,  nee  video  qua  ratione 
efiici  queat.  Ut  proportiones  igitur  indices  oro,  qualitatemq. 
calcis  salitsB  :  num  calx  aerata,  an  vero  usta  sit  solvenda,  an  resi- 
duum post  destillationem  salis  ammoniad  cum  calce  adhibendumi 
Dnus.  Keir  mihi  notus  est,  sed  nominas  quoq.  Keer :  num  duo 
diversi  chcmici  ?  an  vero  posterius  nomcn  festinante  calamo  pro- 
creatum  ? 

Dnus.  Ferber,  Prof.  Mitaviensis,  per  aliquot  annos  a  me  petiit 
Begni  minerals  Sciagraphiam  secundum  principia  proxima  di- 
gest!. Talem  illi  nuper  misi  manuscriptam,  et  hac  lecta,  ut  typis 
divulgare  sibi  permitterem  desideravit  et  Yoto  ejusdem  non  potui 
resistere,  quamvis  hoc  tentamen  etiamnum  valde  sit  imperfectum. 

Nundinis  proximis  paschalibus  hoc  opusculum  destinatum  credo, 
quod  yix  100  paginas,  in  octavo  impressum,  efficiet.  In  analysi 
ferri  pag.  68,  seq.  calcem  albam  a  metallo  separatum  memoravi. 
Hanc  dein  ulterius  examinavi  et,  ni  fallor,  novum  indagavi  semi<» 
metallum,  ferro  maxime  amicum  et  in  illo  frigido  fragilitatem 
procreans,  cujus  causam  hactenus  multi  frustra  qusesiverunt. 
Ceterum  hoc  metallum  a  ferro  est  diversissimum  et  magnetis  impe- 
rium  omnino  recusans.  Experimentorum  descriptionem  Societati 
Upsaliensi  tradidi,  ut  tomo  quarto  inscrantur.    Stannum  sulphiura* 
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turn  ntiper  dctcxi,  cujus  in  gremio  terras  existentiam  hucusqne 
omne?  ignorarunt  mineralogi,  sed  inter  Sibcrica  mineralia,  mibi 
missa  examinataq.,  talem  rarissimam  inveni  minendisationeni. 
Diu  miratus  sum,  quod  hsec  desideraretur,  nam  stannum  per  artem 
sulphur  facillime  suscipit  et  sulphur  in  naturas  officina  uberrimum 
occurrit. 

Quum  Tu  omnes  cognoscas,  qui  Londini  in  Chemiam  vel  ad- 
finem  Philosophiam  nat.  incumbunt,  ut  singulorum  historiolam 
pedetentim  mihi  narres  oro.  Woulfe,  Kirvan,  Priestley,  Keir, 
Higgins,  Saunders,  Crawford,  Cavallo,  Henry,  Bewly,  Warltire, 
Winch,  &c.  qua  nomina  et  nonnulla  opera  novi,  sed  aetatem,  mn- 
nera  genium,  merita  et  notabiles  vitsB  circumstantias  ignoro,  quae 
tamen  Historiam  litterariam  scientise,  cui  me  addixi,  multum 
illustrant.  Num  quidemPembertonin  cbemicis  scripsit?  Citatum 
yidi.  Num  ejus  imago,  quse  in  Catal.  Bentl.  Gallico  pag.  67,  n. 
32,  occurrit? 

Hanc  epistolam  scripsi  d.  20  Nov.,  sed  per  octiduum  retinui, 
tnam  responsionem  expectans  ultimco  mese  praecedenti,  jam  vcro 
diutius  morari  nolo.  Vale,  Vir  celeberrime,  tuaq.  amicitia 
memet  in  posterum,  sicut  hue  usq.,  amplectere^ 

Quod  D.  Achard  aerem,  qui  phlogistlcatus  vocari  solet,  per 
nitrum  fusum  duxerit,  illumq.  eo  ipso  connexerit,  narras. 
Methodum  certe  ignoro,  qua  hie  aer  nitri  massam  transire  possit 
sine  admixtione  aeris  ex  ipso  nitro  orti,  qui,  uti  notum  est  eximia 
gaudet  puritate,  et  in  hoc  casu  correctionem  efHcit.  Corussa  sine 
dnbio  in  Anglia  quoq.  praeparatur,  ast  percgrinatores,  ni  fallor, 
tales  fabricas  minime  memorant. 

Dominis  Priestley,  Kirvan  et  Hopson  meo  nomine  gratias  agas 
pro  missis  libris.  Qua  in  posterum  Tibi  mittuntur  multipla  ita 
distribuas  oro,  ut  hi  Domini  singuli  exemplar  obtineant.  Trac- 
tatus  Crawfordiani  nova  editio  diu  forte  morabitur.  Quum  igitur 
parvi  sit  voluminis,  ut  credo,  nonne  nitide  et  accurate  describi 
posset  %     Impensas  lubenter  solvam. 

Quale  est  pondus  a  Priestleyo  aliisq.  Physicis  usurpatumi 
Quomodo  dividitur?  Quid  significat  dwt.  ?  Quando  gallon  sim- 
pliciter  nominatur,  nonne  Londinensis  pro  vino  intelligatur  ? 
Winchester  gallon  quantum  differt  ? 

Dabam  Upsaliae,  d.  30  Nov.  1781. 

Celeherrimo  Dno  Schwediauer,    S.P.D.     T,  Bergman. 

Sarcinula  a  Te  Edinburgo  missa  d.  23  Sept.  in  meas  pervenit 
manus  d.  11  Januarii  sequentis,  adeoq.  prius  respondere  non 
potui.  Frustum  terras  ponderosas  aeratae  gratissimum  mihi  fuit, 
ut  facile  Tibi  persuadere  potes.  Donanti  ideo  Domino  Black  meo 
nomine  multas  persolvas  gratias.  Quod  libri  a  me  missi  Lon- 
dinum  appulerint  salvi  ad  finem  Septembris,  proximo  praeteriti. 
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per  D.  Kirvan  cognovi :  de  effigie  idem  spero,  sed  ad  Te  scribere 
non  potui,  penitus  ignorans  ubinam  esses,  usq.  dum  adyeniret 
epistola  Edinbuigi  scripta.  Mannor  metalKcum  Cronstediii  nihil 
aliud  est,  quam  Terra  ponderosa  yitriolata,  toto  ccelo  difiEerens  a 
Lapide  ponderosa  qui  in  Mineralogia  Gronstedtii  inter  mineras 
ferriferas  memoratnT,  §  209,  i.,  edit.  suee.  Lapis  ponderoeas  est 
calx  acido  novo  metallico  satiata.  Est  autem  adeo  rams  hie 
lapis,  nt  defectu  materin  non  dum  metallum,  ad  quod  pertinet 
acidum,  determinare  licuerit.  Conferas  in  vol.  iii.  dissertationem 
de  acidis  metallicis. 

Ut  muria  liberetur  magnesia  calceq.  salitis  meliorem  vilio- 
remq.  ignoro  methodum,  quam  quss  in  Gallise  quibusdam  regi* 
onibuB  adhibetur  et  in  Mem.  de  l^Ae.  1763  describitur.  Seilicet 
muria  coUecta  in  cumulis  conids  sub  dio  accumnlatur.  et  culmo 
tegitur,  ne  pluvia  dissolrat.  Interea  atmosphserse  humiditas  sales 
deliquescentes  devehit. 

Calx  flava,  quam  Dr  Withering  e  ferro  extraxit,  forte  nihil 
est  aliud,  quam  ealx  Sideri,  martiali  contaminata,  de  qua  in  vol. 
iii.  agitur. 

Methodas  salis  ammoniaci  conficiendi  a  D.  Hutton  adhibita 
valde  est  notabilis. 

Pro  missis  libris,  et  iis,  quos  poUiceris,  gratias  ago. 

D.  a  Linn6  febri  biliosa,  ter  redeunte,  laoessitus  tandem  apo- 
plexia  oecubuit.  Sed  hoc  sine  dubio  Tibi  dudum  innotuit 
Quod  ad  meam  atiinet  yaletudinem,  hssc  certe  valde  est  debilitata. 
iBstate  sub  itinere  gravem  hsBmoptjseos  accessum  paasus  sum, 
sed  postea  vires  quodammodo  reparata  fnerunt,  et  hsBC  hiemq. 
hue  usque,  ni  fallor,  minus  mihi  fuit  molesta,  quam  binse  pnece- 
dentes. 

In  nova  elaboranda  Oryctologia  jam  occupatus  sum,  duobus  in 
8o  comprehenda  voluminibus.  Num  prior  hoc  anno  in  lucem 
prodire  queat  dubito,  ob  magnum  analysium  faciendarum  nume- 
rum.  Regni  Senator  et  Collegii  metallici  PrsBses,  illustrissimus 
Comes  Bjelke,  ut  lingua  conscribatur  suecana  petiit,  uberiorem 
inde  in  nostros  monticolas  redundaturum  fructum  exspectans. 
Methodum  ex  commentatione  de  systemate  fossilium  naturali, 
quam  misi,  cognoscere  potes.  In  novellis  litteratiis  alicubi  legi 
Priestleyum  in  Americam  abituram,  ni  fallor,  vel  in  Siberiam. 
Num  verum  ? 

Experimenta  aerostatica  in  Anglia  incepta  novi.  Describas  mihi 
adcurate  methodum,  qua  globos  aere  inflammabilo  implent  ?  Quo 
medio  hunc  aerem  procreant  ?  Quomodo  sub  itinere  hujus  aeris 
volumen  augent,  si  altius  surgere  volunt  9  Cetera.  Vale,  Amice 
SBstimatissime,  et  memet  inter  tuos  numera  amioos. 

Dabam,  die  13  Jan.  1764. 
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Notice  of  the  Vendace  of  Derwentwater,  Cumberland,  In  a 
Letter  addressed  to  Sir  William  Jardine,  Bart,  F.R.S.E. 
By  John  Davy,  M.D.,  F.R.S.,  Lond.  and  Edin. 

Mt  dear  Sir, — I  hare  carefully  compared  tbe  vendace  from 
Lochmaben,  which  you  have  been  so  good  as  to  send  me,  with  the 
one  I  have  which  was  taken]  in  Derwentwater,  and  the  resuTt  is, 
that  they  are  in  every  respect  so  alike,  that  no  doubt  can  be 
entertained,  I  think,  of  their  being  of  the  same  species.  I  have 
shovm  them  to  my  friend  Sir  John  Richardson,  and  he  is  equally 
convinced  of  their  identity. 

You  remark  that  this  fish,  the  vendace,  is  quoted  as  an  instance 
of  <'  local  distribution ;"  adding,  '<  it  is  right  that  its  range  should 
be  corrected,"  and  you  express  the  opinion  that  it  is  "more 
extended."  As  the  distribution  of  species  has  now  become  a  subject 
of  more  than  ordinary  interest  to  the  philosophical  zoologist,  it 
may  not  be  amiss,  perhaps,  to  enter  into  some  particulars  relative 
to  the  vendace,  as  showing,  in  accordance  with  the  opinion  you 
have  expressed,  that  its  habitat  is  not  so  limited  and  isolated  as 
was  long  the  current  belief. 

By  my  friend  Dr  Lietch  of  Derwent  Bank,  Keswick,  to  whom 
I  am  indebted  for  the  specimen  of  the  fish  from  Derwentwater, 
I  have  been  informed  that  its  existence  in  that  lake  has  been  for 
many  years  past  known  to  the  boatmen ;  and  an  old  fisherman, 
one  of  those  boatmen,  has  assured  me  that  it  is  not  only  well 
known,  but  known  to  be  pretty  common  there.  He  stated,  that 
about  eight  years  ago,  many  were  taken,  towards  the  upper  parts 
of  the  lake,  at  Lodore,  at  one  draught  of  a  net ;  that  he  himself 
once  took  one  with  the  artificial  fly,  and  that  he  knew  of  another 
having  been  taken  in  angling  with  a  worm.  The  specimen  in  my 
possession,  I  was  told,  was  one  of  two  killed  accidentally  by  a 
stroke  of  an  oar. 

From  the  same  informants  I  learnt  that  this  fish  occurs  in 
Bassenthwaite  Lake — a  lake  which  is  separated  from  Derwent- 
water only  by  about  three  miles  of  river  (the  Derwent),  of  gentle 
flow, — ^in  its  whole  course  of  about  three  miles,  without  any  ob- 
structing fall  or  rapid ;  and,  in  short,  the  fish  is  about  as  common 
in  the  one  lake  as  in  the  other.  In  confirmation,  it  was  mentioned 
that,  not  long  ago,  no  less  than  sixteen  or  eighteen  were  captured 
there  at  one  cast  of  a  net.  A  specimen  from  Bassenthwaite  is 
preserved  in  the  Museum  at  Keswick,  and,  from  such  an  inspection 
as  I  have  made  of  it,  I  believe  it  to  differ  nowise  from  the  vendace 
of  the  adjoining  lake. 

Whether  the  vendace  exists  or  not  in  any  other  lakes  of  the 
lake  district  I  am  not  prepared  to  say.  Such  inquiries  as  I  have 
made  after  it  on  visiting  the  larger  lakes,  have  hitherto  been  un- 
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successful.    The  most  likelj  places  to  discover  it  are  the  secluded 
mountain  tarns,  in  ^hich  a  net  is  seldom  if  ever  cast 

You  are  aware  that  in  two  of  the  lakes  of  the  district,  and  in 
one  of  its  tarns,  viz.,  Ullswater  and  Hawes  Water,  and  Bed  Tarn, 
a  fish  certainly  of  the  same  family  occurs,  and  is  plentiful.  The 
Goregonus  of  Hawes  Water  I  have  examined :  I  was  present  at 
the  capture  of  a  specimen  taken  with  the  artificial  fly — an  un- 
common incident.  It  appears  to  be  the  same  as  the  schelly, 
figured  and  described  by  the  late  Mr  Tarrell  in  his  ^'  History  of 
British  Fishes,'*  and  supposed  by  him  to  be  identical  as  to  species 
with  Gwyniad  of  Bla  Lake  in  Wales.  The  Coregoni  of  Ulls- 
water and  of  Bed  Tarn,  are  commonly  spoken  of  by  the  country 
people  as  fish  of  the  like  kind,  under  the  name  of  the  fresh-water 
herring,  or  schelly ;  but  that  they  are  truly  identical  species,  I 
cannot  even  offer  an  opinion,  never  having  examined  a  specimen 
of  either,  and  not  being  aware  that  they  have  hitherto  been 
examined  with  sufiicient  care  by  any  competent  observer. 

Becurring  to  the  speculative  subject — the  distribution  of  species 
— one  naturally  casts  about  for  a  way  to  account^  not  for  the  isola- 
tion of  the  fish  under  consideration,  but  for  their  difiiision, 
moderate  as  that  is,  according  to  what  is  known  of  their  localities 
at  present.  Of  the  many  conjectures  that  may  be  offered,  one,  and 
the  most  obvious,  is,  that  they  were  intentionsJly  conveyed  by  man 
from  their  original  locality ;  another,  that  they  were  accidentally 
carried  from  place  to  place  by  an  aquatic  animal,  such  as  a  water- 
ousel  or  an  otter ;  a  third,  that  they  might  have  been  transferred 
by  means  of  a  moving  body  of  ice,  a  glacier,  or  by  a  water 
spout ;  a  fourth,  that  they  might  have  found  their  way  by  the 
sea. 

The  first  mode  of  conveyance — ^that  by  man— -seems  plausible 
enough  in  this  instance  of  the  vendace,  especially  since  the 
attempt  made  with  the  impregnated  ova  of  the  fish,  the  distance 
between  the  lakes  of  Lochmaben  and  those  of  Cumberland  being 
so  inconsidei*able ;  but  this  same  method  hardly  comes  within  the 
bounds  of  probability  in  the  instance  of  the  schelly  of  Bed  Tarn, 
that  tarn  being  one  of  the  least  accessible  of  our  mountain  tarns,  and 
the  fish  itself  one  of  the  most  difficult  to  capture.  Of  the  other 
suggested  ways,  the  third  and  fourth  seem  the  least  probable,  and 
the  last  hardly  even  possible.  First,  in  the  instance  of  the  fish  of 
Bed  Tarn,  considering  the  situation  of  that  tarn  on  the  flank  of 
Helvellyn,  and  only  three  or  four  hundred  feet  below  its  summit ; 
next,  in  that  of  the  vendace  of  Dcrwentwater  and  Bassenthwaite, 
keeping  in  mind  that  there  are  falls  and  rapids  in  the  liver  in  its 
course  from  the  latter  lake  to  the  sea,  such  as  it  is  difficult  to 
suppose  surmountable  by  so  feeble  a  fish  as  the  one  in  question. 
It  is  worthy  of  remark,  however,  that  the  vendace  has  been  taken 
alive  in  the  tideway  of  the  Sol  way — an  emigrant  no  doubt  from 
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one  of  tbe  lakes  of  Lochmaben.  The  fish,  1  believe,  is  known  to 
you ;  I  have  been  assured  of  it  by  Sir  John  Richardson,  by  whom 
the  specimen  then  taken  was  deposited  in  the  Haslar  Museum,  and 
afterwards  transferred  to  the  British  Museum.  The  second  mode, 
— ^that  of  accidental  conveyance  by  an  aquatic  animal, — seems 
to  be  least  open  to  objection.  In  a  paper  published  in  the 
Philosophical  Transactions  for  last  year,  and  in  another  to  be 
found  in  the  Proceedings  of  the  Boyal  Society  for  the  present, 
I  have  related  experiments  proving  that  the  impregnated  ova  of 
the  salmon  may  be  kept  many  days  exposed  to  the  atmosphere, 
when  the  air  is  saturated  with  moisture,  without  their  losing 
their  vitality ;  that  under  the  same  circumstances,  when  packed 
in  moist  moss  or  moistened  wool,  they  may  be  conveyed  many 
hundred  miles  with  a  like  result,  and  be  afterwards  hatched; 
and  also,  that  their  vitality  is  not  destroyed  by  their  coming  in 
contact  with  and  adhering  to  ice,  their  temperature  at  the  same 
time  being  reduced  to  the  freezing  point  of  water.  Are  not  these 
fisLCts  applicable  by  analogy  to  the  ova  of  the  schelly  and  vendace  ? 
And  if  so,  are  they  not  capable  of  affording  some  explanation  of 
these  fish  in  common  with  so  many  others,  especially  the  trout, 
being  found  in  waters  so  situated  as  to  render  it  extremely  im- 
probable that  they  could  have  been  introduced  where  found, 
excepting  in  this  accidental  way  1 — I  am,  6ic, 

John  Davt. 
Lbskbth  How,  Ambleside, 
November  8,  1856. 


Note  to  Dr  Davy*B  Taper  on  the  Vendace  of  Derwentwater. 

By  Sip  W.  Jardine,  Bart 

^From  the  foregoing  observations,  it  will  be  seen  that  the  vendace 
is  no  longer  to  be  considered  as  confined  to  the  Lochmaben  lochs. 
These  have  long  been  taken  as  the  only  locality  for  it,  and,  like 
that  of  the  supposed  restiicted  locality  of  the  British  red  grouse, 
has  formed  the  basis  for  argument  and  theory  on  the  distribution 
of  species.  Some  years  since,  by  the  attention  of  Mr  Davies,  now 
assistant  to  Professor  Allman  in  the  University  of  Edinburgh,  I  re- 
ceived a  drawing  from  the  English  lake  district  of  a  fish  which 
appeared  very  similar  to  that  from  Lochmaben,  but  on  which  alone 
it  was  unsafe  to  decide  without  the  examination  of  specimens. 
Dr  Davy  has,  however,  now  removed  that  doubt,  and  the  locality 
remains  no  longer  restricted.  The  specimen  taken  in  Derwentwater 
has  been  obligingly  sent  for  comparison ;  when  placed  beside  a 
Lochmaben  fish  of  equal  size,  the  general  form  appears  stronger 
or  stouter,  the  proportions  of  the  parts  larger ;  but  I  cannot  mark 
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anything  that  would  entitle  it  to  specific  distinction.  Since  the 
MS.  of  Dr  DaTy*8  obserrations  came  into  my  posaeesiony  I  have 
also  received  from  T.  C.  Eyton,  Esq.,  specimens  of  a  fish  from  Bala 
Lake  in  Wales.  These  MrEyton  compaoed  with  specimensof  vendace 
from  Lochmaben,  and  I  have  now  done  the  same.  There  are  slight 
differences  in  the  opercular  outline;  not  more,  however,  than  would 
occur  in  specimens  bom.  the  same  lake.  Mr  Eyton  thinks  the  Welsh 
fish  identical,  and  I  cannot  perceive  anj  differences  of  sufficient 
value  to  place  them  as  distinct  Thus  it  is  that  the  distribution 
in  this  country  appears  to  have  a  considerable  range;  and  it  re- 
mains yet  to  be  seen  whether  the  British  fish  are  not  also  the 
same  with  one  of  the  continental  species.  When  Professor  Agassix 
visited  this  country  in  1834,  specimens  of  the  Lochmaben  vendaoe 
were  shown  to  him.  He  thought  it  distinct  frt>m  the  species 
known  on  the  continent  as  the  Coregonus  maranula.  At  that 
time  he  expressed  no  doubt,  and  on  this  account  the  Lochmaben 
fish  was  named  in  honour  of  the  great  British  ichthyologist  Wil- 
loughby.  I  have  never  been  able  to  make  the  comparison  be- 
tween British  and  continental  specimens,  but,  except  from  the  state- 
ments of  Agassiz  while  in  this  country,  there  is  no  authority  from 
direct  comparison  for  stating  that  it  is  distinct.  My  impression  is, 
that  it  will  prove  not  to  be  so,  and  that  the  range  will  therefore 
extend  to  the  lakes  of  the  continent. 

Dr  Davy  mentions  one  instance  of  the  vendace  being  taken  in 
the  English  lakes  with  the  artificial  fly.  I  do  not  doubt  tiiis,  as 
the  habits  of  the  fish  may  difier  from  the  abundance  or  scarcity  of 
entomostracan  food  in  the  waters  it  inhabits ;  but  the  form  of  the 
whole  mouth, — the  small  weak  teeth, — ^the  elongation  and  struc- 
ture of  the  gill  appendages,  all  show  an  apparatus  for  taking  that 
peculiar  food  with  which  we  have  always  found  the  stomach  of 
the  Lochmaben  fish  crammed.  Dr  Baird,  of  the  British  Museum, 
so  well  known  for  his  researches  among  the  entomostraca,  examined 
the  Lochmaben  fish  last  summer  by  the  water  side,  with  the  view 
of  determining  the  species  of  entomostraca  taken  as  food,  and  found 
nothing  but  these  small  animals  in  the  stomach.  The  stomach  of 
the  Bala  fish  was  also  sent  to  him,  but  this  presented  very  different 
contents, — ^the  debris  of  water  insects  and  their  larvse,  and  the  re- 
mains of  some  dipterous  insects;  but  only  one  specimen  of  ento- 
mostraca (Daphnia)  could  be  found.  The  stomach  of  the  Derwent- 
water  fish  was  entirely  empty  of  all  food. 

Thus  it  appears  that  the  different  localities  afford  difierent  food, 
and  in  those  where  entomostraca  are  scarce,  other  support  must  be 
collected,  and  an  artificial  bait  will  occasionally  be  taken. 
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Entotnology  of  the  Vieinify  of  Melbovtmey  Australia*  Com* 
municated  in  a  Letter  to  Mr  Jone$^  Worcester.  Bj  Mr 
P.  Edwards. 

I  now  come  to  our  faroxirite  order  Goleoptera ;  and  were  I  to 
say  all  that  I  ought  to  say  about  the  many  beautiful  species  to  be 
found  in  this  country,  I  should  tire  your  patience,  and  fill  more 
sheets  than  I  hare  time  to  write.  I  shall,  therefore,  briefly  glance 
at  the  principal  families,  noticing  more  particularly  any  remark- 
able species,  and  leave  you  to  form  your  own  judgment  from 
some  specimens  which  I  will  shortly  send  to  you.  We  appear  to 
hare  several  families  which  have  no  representatives  at  home,  but 
with  most  of  them  I  am  familiar,  and  I  will  endeavour  to  give  you 
some  idea  of  what  my  collection  of  Goleoptera  is  composed. 

First,  then,  the  Adephaga  are  by  Ho  means  so  numerous  as  at 
home,  and  are  chiefly  confined  to  the  Lebiidse  and  Harpalidss. 
Of  the  OicindelidsB  I  have  seen  no  example ;  and  in  a  collection 
belonging  to  Mr  Robert  Bakewell,  containing  upwards  of  a 
thousand  species  of  Goleoptera,  this  family  was  wanting.  The 
Lebiidse  are  perhaps  more  numerous  than  any  of  their  tribe,  and 
are  found  chiefly  under  the  bark  of  the  gum  trees.  Many  of  the 
species  are  very  prettily  marked  with  the  colours  of  tortoise- shell ; 
they  are  mostly  small  insects,  rarely  larger  than  from  2^  to  3i> 
lines.  One  species,  which  I  met  with  under  burnt  logs  on  the 
Plenty  Banges,  has  remarkably  flabellate  antennas;  elytra  rich 
chestnut  brown,  faintly  striate;  thorax  cylindrical.  This  insect  has 
been  described,  I  believe,  by  Mr  Hope,  but  I  am  ignorant  of  its 
name.  The  Scaritidce  give  me  three  species,  one  of  which  is  about 
8  lines  in  length;  the  other  two  appear  to  be  of  the  genus  Glivina. 
My  Garabidfie  are  very  few  also,  and  principally  small  species,  like 
those  of  Helobia  and  Leistus  at  home,  though  some  most  beauti- 
ftil  examples  of  Galosoma  have  been  taken  here.  The  Harpalidie 
are  by  far  the  most  numerous  of  the  Geodephaga,  though,  as  I  have 
said,  by  no  means  so  common  as  at  home.  I  possess  a  few  very 
fine  species;  the  largest  is  a  species  of  Catadromus  about  1  in.  3 
lines  in  length,  deep  black,  with  punctate  striate  elytra — the  striro 
very  distinctly  marked;  and  with  a  broad  margin  of  brilliant  golden* 
green,  which  fades  slightly  after  death.  This  insect  is  found  under 
stones  in  the  winter,  and,  upon  being  taken  in  the  hand,  exudes  a 
yellow  acrid  fluid,  which,  once  coming  in  contact  with  one  of  my 
eyes,  caused  me  very  considerable  pain.  Other  Harpalidee  are 
mostly  black  or  brassy  green,  like  the  genera  Harpalus  and  Ago- 
num.     Of  the  Bembidiidso,  the  genus  Lopha,  or  one  very  similar 
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to  it,  appears  to  bo  far  from  rare,  and  I  have  found  many  small 
insects  like  Bembidium  ;  but  this  tribe  requires  more  studious  in* 
Testigation  than  I  have  been  able  to  give  to  it.  In  the  Elaphridae 
we  are  poor.  Two  small  species,  about  1  i  lines  in  length,  which 
are  both  found  on  flowers  of  Composite,  are  all  I  am  acquainted 
with.  The  flowers  on  which  I  have  met  with  these  beetles  were 
covered  with  myriads  of  very  minute  Aphides,  and  probably  they 
formed  the  objects  of  which  the  Elaphri  were  in  search.  Among 
the  Hydradephaga,  two  species  of  Colymbetes  are  most  abundant 
in  all  our  waters,  and  in  the  evenings  of  summer  are  found  on 
the  wing  in  almost  incalculable  numbers.  Hydroporus,  too,  has 
its  examples;  but  Dyticus  I  have  not  seen.  GyrinidsB  are  most 
plentiful  in  the  Greek,  one  species  being  extremely  like  the  Gyrinus 
natator  of  England.  We  have  one,  however,  with  the  posterior  half 
of  the  elytra  light  chestnut-red,  the  remainder  black.  This  is  not 
common.  The  Helophoridee  are  not  frequent,  only  about  four 
small  species  being  known  to  me.  The  aquatic  insects  of  the  colony 
would  well  repay  investigation,  as  I  am  sure  many  more  than  those 
we  are  acquainted  with  must  remain  unknown.  The  SphceridiidsB 
present  us  with  some  small  species,  principally  found  on  flowers,  and 
under  the  bark  of  the  Eucalypti.  The  Necrophaga  are  by  no  means 
numerous ;  and,  indeed,  the  offices  which  they  perform  in  the  eco- 
nomy of  nature  appear  to  belong  to  the  lot  of  the  ants  and  flies. 
I  have  seen  and  taken,  however,  one  species  of  Kecrodes,  with 
high  broken  ridges  on  the  elytra  (i^T.  lacrymosa);  a  genus  of  small 
insects  of  the  Kitidulidie,  with  the  elytra  only  covering  half  the  ab- 
domen ;  three  Silpbae  under  bark  of  gum-tree ;  a  few  small  Myoe- 
tophagidse  ;  two  Engidae  in  the  bole  of  a  tree  ;  and  three  Dermes- 
tidse,  besides  a  small  species  which  I  took  a  few  days  ago,  and 
which  may  turn  out  to  be  an  Anthrenus.  Most  of  these  have  been 
found  in  situations  entirely  different  from  their  habitats  in  Eng- 
land, having  been  principally  met  with  underneath  hsL^k^  and 
among  decayed  wood ;  but  with  one  exception,  none  have  been 
seen  by  me  in  carcasses,  though  I  make  a  rule  to  turn  over  every 
dead  opossum  or  native  cat  I  meet  with.  The  Byrrhids  I  do  not 
know  here.  Of  Histeridse  I  have  one  species,  bright  golden  or 
purplish-green  (^Saprinus  laettut,  Erich s) ;  very  common  in  carcasses 
and  decayed  vegetable  matter.  It  is  about  2^  lines  in  length.  Of 
the  Fectinicorns,  one  of  the  most  beautiful  is  the  well-known 
Lamprima  oenea^  which  is  found  in  immense  numbers  in  the  dry 
months  of  our  summer.  It  is  of  the  most  brilliant  golden  green, 
sometimes  bluish  or  purple,  with  very  large  mandibles  (smaller  in 
the  female) ;  it  feeds  upon  the  wattle  trees  (Acacia),  whole  groves 
of  which  it  sometimes  destroys  in  the  course  of  a  reason.  We 
are  far  from  deficient  in  the  Lamellicorns.  Ontfaophagus  presents 
us  with  four  species,  mostly  ash-coloured,  with  dark  markings* 
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Terj  similar  to  those  well  known  to  you  nt  home ;  and  I  think 
five  or  six  Geotrupidce  may  be  named.  Six  of  the  Aphodiid» 
are  all  I  have  seen.  The  Melolonthidee  are  very  numerous,— « 
two  large  and  brilliant  species  positively  swarming  upon  gum  trees 
in  the  early  part  of  the  spring.  The  small  genera,  like  Fhyllo- 
pertha  and  Hoplia,  are  abundant  on  young  shoots;  and  a  few 
species  are  also  found  on  the  flowers  of  different  shrubs.  Of 
the  CetoniadfB  we  have  some :  one  genus  (Schizorhina)  is  ex- 
tremely abundant  on  the  flowers  of  the  native  box  {Bursaria  api^ 
nosa).  The  S,  punctata  is  about  six  lines  in  length,  with  gold- 
yellow  elytra,  irregularly  marked  with  black  spots ;  the  pale  tes- 
taceous appearance  it  bears  in  collections  in  Britain  gives  no  idea  of 
its  beauty;  and  the  5.  australasim  is  still  more  remarkable  for  its 
colours.  The  elytra  are  rich  brown,  with  waved  bands  of  black 
and  bright  canary-yellow.  Both  these  insects  I  have  positively 
seen  this  season  in  thousands.  The  Diaphonia  Hookeri  is  a  hand- 
some species,  about  ten  or  twelve  lines  in  length  ;  elytra  pale 
diestnut-brown,  inclining  to  testaceous,  with  a  broad  black  band 
extending  down  the  thorax  and  along  the  sides  of  the  suture. 
This  is  found  upon  the  acacia,  though  it  does  not  appear  very 
common. 

To  give  you  some  idea  of  the  numbers  in  which  some  species 
are  found,  I  must  tell  you  that  upon  a  single  tree,  in  one  morn- 
ing, I  took  upwards  of  200  specimens.  After  our  hot  winds, 
which,  unfortunately  for  the  health  of  the  colony,  are  too  preva- 
lent in  the  summer,  the  Longicornes  are  seen  in  great  quantities, 
and  frequently  fly  into  our  houses  at  night  by  the  open  windows. 
The  different  species  of  Eucalypti  are  their  special  home,  and  sad 
havoc  they  make  among  some  of  the  trees.  They  are  principally 
CerambyddfiB ;  though  of  the  Lepturidse  I  have  taken  six  or  eight 
examples.  In  many  of  the  former  family  the  antennae  are  twice 
the  length  of  the  body.  The  Criocerid»  have  two  beautiful  species 
found  on  the  acacias  in  spring,  one  of  which  is  vermilion-red 
with  black  spots,  and  the  other  orange  with  black  spots  and  a  black 
thorax.  These  are  far  from  frequent.  I  have  seen  no  Donaciaa, 
though  I  have  searched  well  for  them  upon  the  aquatic  plants 
in  our  locality.  The  Cyclica  are  very  numerous,  particularly 
the  Galerucidse  and  Chrysomelid®,  both  of  which  families  exist 
in  profusion  upon  the  gum  trees,  and  present  an  almost  end- 
less number  of  forms,  many  of  which  are  very  striking  in  the 
disparities  of  their  colours.  We  have  several  Halticn— one  spe- 
cies very  similar  to  the  H.  nemorum  ;  but  none,  as  far  as  I  have 
been  able  to  learn,  so  destructive  in  habits  as  that  well-known  in- 
sect. The  genus  Gryptocephalus  is  very  abundant  in  species,  se- 
veral of  which  have  very  brilliant  colours.  I  know  two  species  of 
Cassidae,  both  found  on  Eucalypti.  Of  the  Coccinellidae,  I  know 
one  Chilocorus  and  five  Coccinellae,  all  of  which  are  found  on 
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acaciflB.  Onr  Tenebrionidaa  are  principally  found  under  bark ;  one 
species  is  very  large,  being  about  ten  to  eleven  lines.  Of  tbe 
BlapsidsB  we  have  two  species,  Cistelidae  five,  and  Lagria,  so  like 
L,  hirta^  that  I  cannot  distinguish  any  difference.  Several  large 
and  beautiful  MordellsB  occur  on  flowers — one  Rhipiphorus  on  gum 
trees ;  and  a  large  and  beautiful  beetle,  with  pectinated  antennie, 
which  I  have  taken  on  the  Plenty  Ranges,  belongs  apparently  to 
the  genus  Trigonodera.  The  genus  Anthicus  is  abundant;  and 
one  species  of  Noxoxus  occurs.  The  Brachelytra  are  comparative- 
ly few,  and  not  very  different  in  general  appearance  from  our 
common  species  at  home.     I  only  possess  about  twelve  species. 

This  ends  my  list  of  Coleoptera,  and  I  therefore  pass  on  briefly  to 
mention  the  remaining  orders.  The  Orthoptera  are  very  numerous, 
and  number  among  them  some  very  singular  insects.  Among  the 
more  remarkable  are  the  PhasmidaO)  or  walking-stick  insects,  as 
they  are  familiarly  called.  These  curious  creatures  are  found 
upon  gum  trees  in  abundance  in  some  parts  of  the  bush.  They 
are  often  four  or  five  inches  in  length,  though  the  body  of  most  of 
them  is  seldom  thicker  than  a  straw.  We  have  several  of  the 
genus  Mantis,  which  are  also  very  curious  insects.  I  have  taken 
one  Gryllus,  with  much  the  same  habits  as  the  OryUotalpa  wd- 
^aru  of  Britain.  The  Locustidn  and  Achetidae  are  very  nume- 
rous indeed,  particularly  during  the  driest  part  of  our  summer, 
fdmishing  an  abundant  supply  of  food  to  the  bush  turkey  {AUe- 
tura  Lathami,  Gray)  and  somei  of  our  plovers.  I  have  collected 
nearly  100  species  of  the  Hemiptera,  many  of  which  are  large  and 
handsome.  The  Eucalypti  fiimish  them  in  abundance,  as  well 
as  the  next  order,  Homoptera,  of  which  the  most  remarkable  in- 
sect is  a  very  large  Cicada,  which  exists  in  such  numbers  in  this 
locality,  and  creates  such  a  tremendous  noise,  as  to  be  a  complete 
pest.  Its  clear  membranaceous  wings,  when  expanded,  are  almost 
four  inches  in  width;  the  head  is  very  broad,  eyes  red,  disk  promi- 
nent. On  a  hot  summer  day  these  insects  are  so  abundant,  and 
so  incessant  is  their  chirping,  if  it  may  be  so  called,  that  you  are 
almost  bewildered  with  the  sound.  Several  curious  insects,  allied, 
I  think,  to  Gentrotus,  are  found  upon  the  wattle  trees.  Theyare 
remarkable  for  having  singular  protuberances  from  the  thorax. 
The  Neuroptera  are  plentiful  in  the  neighbourhood  of  streams ;  and 
many  of  our  dragonflies  are  large  and  brilliant  in  colour.  I  have 
seen  two  or  three  of  the  ant-lions  (Myrmeleonidae)  on  the  Plenty 
Ranges,  and  I  have  also  taken  specimens  of  the  genus  Ascala- 
phus  belonging  to  the  same  group,  which  are  very  peculiar,  in 
having  long  filiform  antennae,  terminated  by  a  knob  like  that 
of  the  diurnal  Lepidoptera.  One  genus,  with  black  and  yel- 
low wings,  allied  to  Panorpa,  is  found  on  the  trunks  of  gum 
trees  in  the  autumn.  I  know  two  species  of  Tennes,  and  a 
species  of  Hemerobius,  very  like  Chrysopa  perta,  is  occasionally 
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found  in  gardens,  &c  The  caddis-flies  are  numerous  in  the 
Merin  Creek;  and  one  species  I  have  remarked  to  have  antennas 
nearly  three  times  its  own  length.  Hymenoptera  are  most 
abundant  on  flowers,  &c.  My  collection  numbers  180  species. 
Ichneumons  are  very  numerous,  and  some  of  them  with  ovipositors 
of  an  immense  length.  As  to  the  ants,  they  are  one  of  the 
greatest  nuisances  of  the  colony,  not  a  single  place  being  free  from 
them.  If  you  walk  in  the  bush,  they  crawl  up  your  legs,  and 
soon  remind  you  of  their  presence;  in  the  house  they  devour 
sugar,  meat,  flour,  butter,  and  in  fact  anything  which  is  consum- 
able. But  what  annoyed  me  much  more  than  this,  was  the  fact 
of  their  attacking  my  Lepidoptera,  and  devouring  many  beautiful 
species,  just  leaving  me  the  pins.  In  the  bush  there  are  in- 
credible numbers;  and  a  few  of  the  species  raise  enormous 
mounds,  from  which  a  path,  perfectly  free  from  all  impediments, 
and  cleared  of  all  the  grass,  generally  conducts  to  the  nearest 
gum  tree.  Some  of  the  nests  formed  by  the  wasps  are  very  beau- 
tiful, and  are  often  found  attached  to  branches  of  shrubs.  The 
honey-bee  {Apis  melU/ica)  has  been  introduced  here,  and  thrives 
admirably.  I  now  come  to  the  Lepidoptera,  which  are  not  nearly 
so  abundant  as  I  expected  to  find  them.  The  butterflies  are  parti^ 
cnlarly  few,  only  nineteen  species  being  known  to  me.  One 
of  them,  and  the  most  common,  is  closely  allied  to  the  Cynthia 
eardm.  We  have  two  or  three  Polyomati,  and  a  beautiful  Thecla, 
with  pale  metallic-blue  wings,  edged  with  a  broad  black  band. 
The  underside  of  this  insect  is  buff,  with  irregular  markings  of 
orange  and  black.  A  small  copper  butterfly  is  conmion  on  the 
grass  plains,  and  we  have  two  or  three  species  of  Hipparchia.  Of 
the  SphingidsB,  I  know  but  three  species,  and  two  or  three  re- 
semble the  genus  Ino,  and  are  found  in  the  same  situations.  A 
large  and  beautiful  Smerinthus  is  the  remaining  species.  I  should 
have  mentioned  that  four  skippers  are  found  in  one  neighbour- 
hood. We  are  richer  in  the  moths,  and  possess  many  which  are 
remarkable  for  form  and  beauty  of  colouring ;  but  the  smaller 
species,  such  as  the  Tortriddfe  and  the  Tponomeutidas  are  the 
gems  of  our  Australian  Lepidoptera.  I  have  paid  a  good  deal  of 
attention  to  them,  and  number  nearly  200  species  of  these  two 
&miiies.  Of  the  Diptera  we  are  furnished  with  a  superabundant 
supply,  and  particularly  of  the  Musea  domestiea^  which  exists  here 
in  such  numbers  as  to  be  a  complete  plague.  Even  while  I  write, 
they  are  all  over  my  &ce,  and  making  most  persevering  efforts  to 
get  into  the  comers  of  my  eyes.  It  is  useless  to  try  to  avoid  them, 
for  go  where  you  will,  there  are  the  flies  also ;  and,  after  slapping 
your  &ce  and  rubbing  your  eyes  until  you  are  a  fright,  you  feel 
like  Keeley  in  one  of  his  forces,  *' almost  tempted  to  say-— damn  ;** 
•but  you  dare  not  do  so,  for  if  you  but  open  your  mouth,  down  pop 
half-a-dozen,  resolute  flies,  and  you  are  bound  to  cough  for  an 
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hour  to  get  rid  of  them.  The  only  way  to  avoid  this  terrible 
annoyance  is  to  wear  a  veil ;  thank  goodness,  the  fires  and  frost 
kill  them.  Among  the  rest  of  our  Diptera,  we  have  some  large 
and  bright-coloured  species ;  and  one  singular  black  and  white  feU 
low  is  distinctly  marked  with  a  skull  and  cross-bones.  I  have 
seen  two  or  three  of  the  Bombylii,  bnt  they  are  by  no  means 
numerous.  Tabanidie  are  common  in  exposed  situations ;  and  I 
have  taken  two  or  three  singular  species  parasitic  upon  birds. 
These  latter  are,  I  think,  of  the  genus  Oxypterum. 


An  Account  of  an  unuBual  Thunder- Storm/and  of  a  DeBtrue- 
iive  Local  Flood.  Contained  in  extracts  of  Letters  ad^ 
dressed  to  Dr  John  Davy^  F.R.S.  By  Mr  William 
Pearson  of  Windermere. 

On  Tuesday,  9th  Sept.,  we  had  here  almost  continuous  thunder 
all  the  afternoon.  But  about  6  p.m.  there  occurred  a  sudden 
tremendous  burst ;  it  seemed  right  over  the  house — ^the  flash  and 
report  simultaneous.  If  a  heavy  cannon,  a  thirty- two  pounder— « 
had  been  fired  on  the  roof,  it  could  not  have  been  louder,  nor  I 
think  so  loud.  We  had,  however,  no  damage  done  except  a  square 
of  glass  cracked  in  the  dining-room. 

But  the  farmer,  on  fetching  up  the  cows  from  the  meadow  be* 
low  the  house,  noticed  tufts  of  grass  and  sods  scattered  otn  the 
ground  not  far  from  the  hedge.  They  had  come  from  the  dyke 
on  which  it  grows,  at  the  foot  of  a  large  ash  tree,  some  of  the  roots 
of  which  were  laid  bare  and  the  bark  peeled  off;  the  bazds  in  the 
hedge  stript  of  their  leaves,  and  a  kind  of  opening  made.  The 
sods,  with  fern  roots  attached,  had  been  driven  on  each  side  of 
the  hedge,  in  nearly  a  straight  line,  to  the  distance  of  15  or  20  feet. 
I  think  there  can  be  no  doubt  that  the  electric  force  came  from  the 
ground,  for  if  it  had  descended  from  the  clouds,  would  not  the 
tree  have  shown  some  signs  of  it  ?  but  there  was  not  a  leaf  or 
branch  disturbed,  though  hanging  right  over  the  dyke  from  whence 
the  sods,  &c.,  had  been  ejected.  These  appearances  were  not  ob- 
served before  the  thunder-storm,  and,  no  doubt,  were  caused  by  it 
— probably  by  that  tremendous  crack. 

Several  years  ago  I  witnessed  here  effects  somewhat  similar 
from  a  thunder-storm.  A  hoUy  tree,  on  a  rough  pasture,  had 
been  struck — the  root  bared  from  soil,  and  some  of  it  thrown  up 
among  the  leaves.  But  what  was  curious,  the  electric  matter  had 
diverged  from  the  tree  to  almost  every  point  of  the  compass,  like 
the  spokes  of  a  wheel,  ripping  up  and  slightly  guttering  the 
earth,  as  if  caused  by  the  plough.  A  few  yards  from  the  tree  on 
one  side  was  a  stone  wall — one  of  those  spokes  or  divergent  forces 
bad  encountered  it^^had  passed  beneath  it,  under  the  foundation- 
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stone,  and  come  out  at  the  other  side,  where  was  growing  a  crop  of 
potatoes ;  it  had  cut  through  five  or  six  of  the  rows  or  stitches  as 
cleyerly  as  if  it  had  been  a  plough  I 

The  question  the  meteorologist  has  to  solve  is,  How  a  fall  of 
rain — ^that  is,  small  globules  of  water— could  so  suddenly  produce 
a  volume  of  that  element,  of  such  weight  and  force  as  to  cause  the 
effects  described. 

You  would  doubtless  read  in  the  newspapers  at  the  time  a 
note  of  a  very  heavy  fall  of  water,  attended  by  thunder,  that  occur- 
red at  Borough  Bridge,  on  the  Lune,  on  the  8th  of  August  1855, 
if  I  remember  correctly.     About  a  week  after,  I  visited  the  place, 
accompanied  by 'a  friend,  on  a  journey  we  made  to  some  of  the 
eastern  parts  of  the  county.     There  was  something  so  tremendous 
in  the  havoc  this  storm  had  occasioned,  that  I  am  sure  you  will 
excuse  me  if  I  endeavour  to  describe  some  of  the  most  prominent 
effects  we  witnessed.     At  Cragrigg  Hawse  we  first  came  in  sight 
of  the  Lune  valley.     Camigill,  east  of  the  Lune,  a  mountain 
with  a  smooth  green  surface,  is  right  opposite ;  but  it  was  now 
(contrary  to  what  I  remembered)  furrowed  with  several  red  streaks 
or  gutters,  caused  by  the  sudden  and  heavy  rush  of  water  down  its 
smooth  declivity.     In  the  stone  wall  at  its  foot  there  was  a  large 
gap,  20  or  30  yards  in  width  at  least,  which  had  been  made  by 
the  impetuous  flood,  and  in  the  field  below  an  immense  mass  of 
earth  and  stones,  covering  about  an  acre  of  it.     The  road  from  the 
Hawse  to  the  inn  is  a  long  descent.    There  is  a  new  stone  wall  on 
the  right  of  the  road,  on  the  other  side  of  which  the  mountain 
rises  pretty  steeply.     This  wall,  in  one  or  two  places,  was  washed 
down,  and  the  road  covered  in  parts  with  soil,  stones,  and  gravel ; 
in  one  place  a  complete  landslip  had  occurred — ^a  part  of  the 
mountain  side,  with  the  green  sod  at  the  top,  had  slid  across  the 
turnpike,  so  as  to  prevent  the  passage  of  carriages  till  a  part  of  it 
was  removed.     On  reaching  the  inn,  we  were  told  the  flood  had 
entered  the  house.     We  saw  that,  in  running  down  the  lane  be- 
low, it  had  worked  itself  a  channel  of  about  two  feet  deep.     But 
the  greatest  havoc  was  east  of  the  Lune.     After  crossing  the 
bridge,  we  went  up  the  lane  that  leads  to  a  farm-house  just  under 
Oarnigill.     It  was  rendered  quite  impassable  for  carts — a  chan- 
nel of  firom  two  to  three  feet  deep  being  cut  in  the  middle  of  the 
road.     But  what  shows  more  convincingly  than  anything  I  have 
mentioned  the  immense  mass  of  water  thus  suddenly  precipitated, 
was,  that  the  branches  of  the  hedge  on  our  lefl,  through  which  the 
water  had  passed  into  the  lane,  were  covered  with  pieces  of  grass 
and  wreck  to  the  height  of  at  least  three  feet  I  And,  recollect,  that 
this  body  of  water  had  flowed  down  the  smooth  slope  of  a  moun- 
tain, and  not  been  absorbed  by  theghylls,  as  would  have  been  the 
case  in  a  common  heavy  thunder-shower.     It  seems  to  me  that  if 
the  contents  of  one  of  our  small  lakes  (Esthwaite  Water  for  in- 
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stAQoe),  could  have  been  carried  to  the  summit  of  Gamigill,  and- 
then  suddenly  let  fall,  it  would  not  have  produced  a  heavier  or 
more  overwhelming  flood.  Mr  Day,  the  landlord  at  Borough 
Bridge,  told  us  that  this  shower  (it  was  a  shower  in  the  valley 
below,  with  loud  thunder)  did  not  cover  an  area  of  much  more 
than  a  mile  in  diameter.  Is  it  not  extraordinarily  odd  tliat  this 
huge  mass  of  aqueous  vapour  should  reach  the  top  of  Camigill 
before  it  met  with  a  body  of  cold  air  to  change  it  into  water  ? 
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Tenth  Meeting.     Albany,  August^  20-27,  1806. 
(Continued  from  p.  198.) 

Whirhoiind  and  Tornado  VorHcee,  By  W.  0.  Redfield. — A  special 
rotation  ooDstitutes  the  essential  portion  of  these  remarkable  movements 
in  the  atmosphere.  As  regards  the  interior  and  the  more  exterior  portions 
of  the  whirling  body,  the  oourse  of  the  spiral  rotation,  whether  to  the  left 
or  the  right,  continues  one  and  the  same.  But  the  obliqae  inclination 
which  the  spiral  movement  also  has  to  the  plane  of  the  horiaon,  in  these 
two  portions  of  the  rortez,  is  found  to  be  in  opposite  directions.  Thus, 
in  the  outward  portion  of  the  whirlwind  the  tendency  is  downward,  when 
the  axis  is  Tertical ;  but  in  its  interior  portion  the  spiral  inclination  or 
tendency  is  upwcurd.  This  fact  explains  the  ascensional  effects  in  torna- 
does, and  in  more  diminutiFe  whirlwinds.  Owing  to  the  greater  density 
of  the  air  at  the  earth's  surface,  the  normal  course  of  the  gradually  descend- 
ing moFcment,  in  a  symmetric  whirlwind,  is  that  of  a  closing  spiral;  while 
the  course  of  the  ascending  movement  in  the  interior  portion  of  the  body 
is  that  of  an  opening  spiral. 

In  the  aerial  vortex,  the  area  of  the  ascending  movement,  or  spirality, 
is  by  far  the  smallest  portion  of  the  body  ;  for  the  reason  that  its  rotation 
is  proportionally  more  active  and  intense,  being  produced  by  the  great 
weight  and  momentum  of  the  surrounding  body,  converging  by  an  increas- 
ingly rapid  motion  into  a  smaller  area. 

In  aqueous  vortices,  the  spiral  inclination  of  the  Interior  and  exterior 
portions  is  reversed,  the  descending  spiral  being  nearest  the  axis  of  the 
vortex.  Hence,  lighter  bodies,  and  even  bubbles  of  air,  are  often  forced 
downward  in  the  water  in  the  manner  in  which  heavier  bodies  are  forced 
upward  in  the  aerial  vortex. 

So-called  Hwtnan  Petrifactions,  By  Teail  Grbem. — Descriptions  of 
petrifactions  of  human  bodies  which  occur  in  the  newspapers  appear  to 
refer  to  the  conversion  of  bodies  into  adipocere,  and  not  into  stone.  All 
the  supposed  cases  of  petrifaction  are  probably  of  this  nature.  The 
change  occurs  only  when  the  coffin  becomes  filled  with  water.  The  body, 
converted  into  adipocere,  floats  on  the  water.  The  supposed  cases  of 
changes  of  position  in  the  grave,  bursting  open  the  coffin  lids,  turning 
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over,  eroMing  of  limbs,  &o.,  fonnerlj  attributed  to  tbe  coming  to  life  of 
penons  buried  who  were  not  dead,  is  now  ascertained  to  be  due  to  the 
same  eanse.  The  chemical  change  into  adipocere,  and  the  CYolution  of 
gases,  produce  these  movements  of  dead  bodies. 

n.  SECTION  OP  GEOLOGY.  NATURAL  HISTORY,  AND 

ETHNOLOGY. 

On  the  Volcanic  Phenomena  of  Kilanea  €md  Matma  Loa ;  and  on  the 
Dynamical  Theories  of  Earthquakes,  <tc.  Bj  C.  F.  Winslow. — Referring 
to  the  phenomena  of  the  eruption  of  Manua  Loa  in  August  1855,  and  to 
numeroufl  facts  observed  bj  him  in  Hawaii,  and  hj  other  observers  there 
and  in  other  parts  of  the  globe,  the  author  maintained  the  general  theory 
that  volcanic  and  earthquake  actions  are  due  to  powerfVil  movements  in 
the  molten  matter  beneath  the  thin  crust  of  the  earth.  He  attempted 
to  show  that  thej  were  more  frequent  in  winter  than  in  summer,  and 
thence  concluded  that  they  were  due  to  the  force  created  by  the  sun  on 
the  molten  interior  of  the  globe,  which  being  greatest  in  winter  when  the 
sun  is  nearest  the  earth,  would  at  that  time  occasion  an  increased  pressure 
of  the  liquid  against  the  superincumbent  crust. 

ExhiUtion  of  Living  Gar-pikes,  By  J.  E.  Gavit, — ^Professor  Agassiz 
said  that  the  apparition  of  the  oldest-fashioned  fish  alive  was  hardly  less 
striking  than  if  one  of  the  old  Egyptians  were  suddenly  to  present  himself 
in  the  halL  There  were  very  few  types  of  this  kind  to  be  found  among 
living  fishes,  but  there  were  many  among  fossils.  They  had  what  other 
fishes  had  not,  a  ball-and-socket  joint  in  the  neck,  so  that  they  oould  bow ; 
this  was  common  to  them  with  reptiles.  Their  pectoral  fins  were  small, 
and  oontinaally  in  a  vibratory  motion  like  the  cilia  of  animalcules.  The 
same  motion  was  also  observed  in  the  upper  lobe  of  the  caudal  fin,  which 
was  the  actual  prolongation  of  the  back-bone,  and  analogous  to  the  tails 
of  reptiles.  In  the  Old  Red  Sandstone  he  had  found  a  fish  which  he 
called  Olypticus,  with  the  same  sort  of  tail.  This  went,  with  so  many 
other  things,  to  show  that  the  order  of  succession  in  past  times  was 
exemplified  now  in  the  development  of  individuals.  Here  were  also 
two  features  observed  in  genuine  reptiles,  the  power  of  moving  the  head 
on  the  baok-bone,  and  the  qwui  taiL  He  had  noticed,  also,  that  these 
fishes  would  rise  te  the  surface  of  the  water,  draw  in  air  at  the  nostrils, 
and  then  emit  bubbles  from  his  gills.  This  was  singular,  and  was  a 
oharaster  only  known  to  exist  among  reptiles. 

Notes  on  the  Geology  of  Middle  and  Southern  Alabama ,  By  A. 
WiNCHBLL. — ^This  was  a  somewhat  detailed  account  of  the  geology  of 
those  parts  of  the  State  examined  by  the  author,  and  was  illustrated  by 
a  map  comprising  the  country,  iVom  the  Tertiary  near  the  junction  of  the 
Tombigbee  and  Alabama  rivers,  north  along  their  courses,  half  way  up 
the  State,  exhibiting  a  complete  range  of  strata  to  the  Silurian.  The 
map  was  also  accompanied  by  some  valuable  sections,  by  specimens  of 
the  rooks,  and  by  a  verj  large  collection  of  Tertiary  fossils,  principally 
Eocene. 

Parallelism  of  Rock  Formations  in  Nova  Scotia,  with  those  of  other 
parts' of  America.  By  J.  W.  Dawson,  A.M. — In  this  communication 
Professor  Dawson  sketched  the  chief  features  of  the  geology  of  Nova 
Scotia,  from  the  submerged  forests,  and  Boulder  Clay  and  Drift,  to  the 
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8ilaruui  rocks,  dwelling  more  particularly  on  the  Carboniferons  sjstent 
■o  largely  developed  in  that  region.  He  spoke  of  the  gypsiferous  Lime- 
stone formation,  or  lower  Carboniferous  group,  as  gradually  running  out 
in  a  certain  direction,  and  giving  place  to  Conglomerate.  Just  as  the 
Carboniferous  Limestone  tract  of  the  Appalachian  was  known  to  dis- 
appear, and  give  place  to  coarse  sedimentary  rocks  in  approaching  that 
chain  ;  and  he  referred  to  the  gypsum  deposits,  and  the  Coal-measures 
below  the  Limestone,  as  features  peculiar  to  this  north-eastern  region, 
which  were  not  recogpiised  in  the  Appalachian  belt.  He  exhibited 
specimens  of  rain-marks  and  foot-prints,  as  well  as  of  stigmaria  and 
other  characteristics  of  the  coal  measures. 

Professor  W.  B.  Rogbks  remarked  that  the  parallelism  of  formations 
in  Nova  Scotia  and  the  United  States  was  much  closer  in  some  respects 
than  had  been  represented.  The  Limestone  beneath  the  great  Coal  series 
(Carboniferous  Limestone),  instead  of  being  wanting  in  the  Appalachian 
belt,  as  stated  by  Professor  Dawson,  was  present,  throughout  a  great 
part  of  it,  in  much  greater  force  even  than  in  the  far  west  Along  the 
south-eastern  margin  of  the  chain  in  Pennsylvania,  it  is  represented  by  a 
vast  thickness  of  red  and  variegated  shales  and  sandstones,  which,  in  ap* 
preaching  the  Potomac  River,  is  parted  into  an  upper  and  lower  mass  by 
the  intercalation  of  a  wedge  of  Limestone,  which,  expanding  towards  the 
south-west,  attains,  in  the  vicinity  of  New  River,  in  Virginia,  a  thick- 
ness of  more  than  a  thousand  feet.  Here  it  is  found  to  include  a  very 
thick  deposit  of  gypsum  associated  with  rock-salt.  Below  this  group  of 
shales  and  limestone,  there  may  be  traced,  for  many  hundreds  of  miles, 
a  thick  mass  of  grayish  sandstones,  shales,  and  pebbly  rock,  containing 
coal-plants,  and,  towards  the  south  and  west,  including  one  or  more 
seams  of  coal.  This  group  of  beds,  designated  as  the  Vesperteni 
series,  is  of  sufficient  thickness  to  form  in  general  a  distinct  ridge  or 
crest.  Thus,  in  the  Appalachians,  we  are  presented  with  the  Carboni- 
ferous Limestone  and  gypsiferous  rocks,  and  the  subjacent  oldest  Coal- 
measures  not  less  distinct,  and  on  even  a  larger  scale  than  in  Nova 
Scotia. 

On  Carboniferou»  EepHles,  By  Jeffries  Wtman.  —  Professor 
Wyman  remarked,  that  as  we  descend  in  the  series  of  deposits  the 
remains  of  such  fossils  become  fewer  downward  to  the  Coal  formation. 
In  America  the  remains  of  reptiles  in  the  coal  series  are  found  by  their 
footprints.  Some  have  been  disooTered  by  Lea,  and  others  are  to  be 
described  by  Rogers— but  thefe  are  of  the  Batrachian  order.  Now,  it  is 
necessary  that  great  caution  be  used  in  deciding  upon  the  character  of 
animals  thus  made  known  to  us,  since  they  sometimes  exhibit  both  repti- 
lian and  iohthyic  characteristics.  The  Gar- pike,  for  instance,  described 
by  Professor  Agassiz,  might  be  taken  for  a  reptile  if  only  a  part 
of  its  skeleton  was  found,  and  vice  verga.  One  part  of  a  yertebra 
would  lead  the  anatomist  to  judge  it  a  fish,  another  part  would  give 
equal  reason  to  suppose  it  a  reptile.  We  must  therefore  have  many 
parts  of  a  skeleton.  The  fossil  which  was  now  under  discussion  was 
forwarded  by  Dr  Newberry,  from  the  coal  of  Ohio,  and  was  undoubt- 
edly a  reptile.  The  cranium  is  so  much  like  that  of  a  frog  as  to 
give  the  impression,  upon  first  inspection,  that  it  is  that  animal ;  but  on 
counting  the  yertebrsD,  we  find  the  number  to  be  too  great.     The  skull  is 
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tbat  of  a  tailless  batracbian ;  the  posterior  parts,  those  of  one  with  a  tail. 
He  was  sure  it  was  not  a  fish  ;  it  IooIls  like  a  serpent.  There  are  in  these 
remains  two  characters  not  found  in  existing  reptiles  :  First,  broad  pro- 
cesses in  the  vertebrte,  comparable  to  the  Menapoma  of  the  western  riVers, 
and  thus  far  the  animal  was  batrachian;  Secondly,  ribs  like  those  of  a  ser- 
pent,  unlike  any  known  batrachian.  Of  existing  batrachians,  some  are 
without  limbs,  and  some  with  limbs.  Some  of  these  latter  haye  two  toes  ; 
some  three,  and  others  four  and  five.  The  footprints  found  in  Pennsyl- 
yania  exhibit  five  toes  before  and  four  behind.  In  this  specimen  appear- 
ances indicate  the  existence  of  a  fifth  toe  on  the  forefoot,  which  may  yet 
lead  to  the  discovery  of  the  connection  of  these  footprints  with  batra- 
chian reptiles. 

Professor  Agassiz  said  that  this  was  very  welcome  evidence  of  reptile 
life,  and  the  difficulty  of  identifying  animals  from  mere  portions  of  them. 
He  said  that  in  the  dissection  of  turtles  he  had  discovered  the  bones  in 
the  turtle's  neck  which  were  supposed  to  be  peculiar  to  birds,  so  that 
had  a  skeleton  been  found,  the  upper  portion  of  it  would  have  been  refer- 
red to  a  bird,  and  the  lower  to  a  reptile.  These  discoveries  forced  upon 
science  the  necessity  of  reconsidering  many  oases  which  were  now  relied 
upon  as  furnishing  good  evidence  of  the  existence  of  peculiar  animals 
in  past  ages.  He  believed  that  the  batrachians  did  not  belong  to  the 
class  of  reptiles,  but  that  they  formed  a  class  of  amphibians  intermediate 
between  reptiles  and  fishes,  and  comprising  a  large  portion  of  what  were 
called  the  large  reptiles  of  the  old  ages. 

Proof  of  the  Protozoic  Age  of  some  of  the  altered  rocks  of  EtMtern 
Massachusetts y  "from  fossils  recently  discovered.  By  W.  B.  Rogbbs. — 
The  substance  (>f  this  paper  has  already  appeared  in  the  September  No. 
of  this  Journal. 

On  the  Geological  Position  of  the  Fossil  Elephant  of  North  America, 
By  J.  W.  Foster.  This  was  an  elaborate  paper  comprising  a  variety  of 
local  details.     The  following  is  the  author*s  summary. 

From  all  the  facts,  I  am  disposed  to  believe  that  the  fossil  elephant 
commenced  his  existence  before  the  drift  agencies  had  entirely  ceased — 
when  the  water  stood  at  a  higher  level — when  the  contour  of  the  conti- 
nent was  different — when  a  different  climate  prevailed,  and  when  a  sub- 
arctic vegetation  stretched  far  towards  the  tropics — at  a  time  when  the 
valleys  were  excavated  by  the  returning  waters,  and  the  streams  assumed 
nearly  their  present  direction.  It  was  a  period  of  erosion,  which  ought 
to  be  marked  by  distinct  geological  monuments.  I  would  designate  it  as 
the  Fluviatile  Period.  Although,  in  rare  instances,  the  remains  of  the 
elephant  and  the  mastodon  are  found  side  by  side,  there  are  deposits 
apparently  newer,  which  contain  the  mastodon,  and  in  which  those  of  the 
elephant  have  never  been  found.  The  inference,  therefore,  might  be 
drawn  that,  although  at  one  time  contemporary,  the  one  was  introduced 
earlier,  while  the  other  survived  later.  Contemporary  with  these  fossil 
pachyderms  was  the  fossil  beaver  {Castor  oides).  In  bulk  he  was  twice 
the  size  of  the  existing  species,'  and  was  adapted  to  a  wide  geographical 
range.  Contemporary  too  with  these  pachyderms  was  the  mastodon  {M, 
giga/nteuSf)  of  a  more  ponderous  frame,  but  of  an  inferior  weight.  The 
fossil  beaver  tenanted  the  streams  and  lakes.    Herds  of  cattle  (Bos 
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hombifnms  and  Biion  laHfrom)  roamed  orer  the  pUiiu,  while  the  tapir 
wallowed  in  the  swampe.  In  the  milder  regions  of  the  aonth,  Tinted  by 
the  elephant  and  the  maatodon  in  their  migrationfl,  lived  tiie  great  leaf- 
eating  megatherium,  the  mjlodon,  megalonyx,  tiie  hippopotamus,  the 
horse,  the  elk,  and  the  deer,  all  belonging  to  ertinct  species,  while  at  the 
iiead  of  the  oamiTora  stood  the  colossal  lion  (Feli§  <ittrcaf)f  which  then,  as 
now,  was  the  monarch  of  the  forest 

On  Some  Points  in  the  Geology  of  the  Upper  Jliimseippi  Valley.  By  Pro- 
fessor Jaxbs  Hall.— Professor  Hall  exhibited  a  map  of  the  Middle  and 
Western  States,  which  was  the  first  attempt  made  by  him  in  1841  to  repre- 
sent the  geological  formations  of  the  east,  and  their  prolongation  in  the 
west.  At  that  time  he  was  led  into  some  errors,  which  subsequent  investiga- 
tors have  set  right.  The  Cliff  Limestone  of  Owen  and  the  western  geoJo* 
gists  embraces  strata  belonging  to  the  Lower  Silurian,  the  Upper  Silurian » 
and  the  Upper  Helderberg  groups,  as  is  now  known.  One  of  tiie  difficulties 
in  the  way  of  identifying  the  western  formations  in  the  eastern  was  the 
supposed  absence  of  the  Hudson  River  group  at  the  west.  In  1850,  in 
company  with  Mr  Whitney,  he  traced  this  group  around  the  north  sides 
of  Lake  Huron  and  Lake  Michigan  to  Pointe  auz  Bales,  and  thence 
along  the  eastern  shore  of  Green  Bay  to  Lake  Winnebago.  The  wash- 
ing away  of  the  softer  shales  of  the  Hudson  River  group  has  given  Green 
Bay  its  present  configuration.  This  group  should  make  its  appearance 
on  the  Mississippi  if  continuous  in  a  western  direction,  but  up  to  the  last 
year  it  had  not  been  recognised  in  that  region.  In  the  autumn  of  1855, 
however,  he  had,  in  company  with  Mr  Whitney,  while  engaged  in  the 
Iowa  survey,  examined  scFend  localities  where  shales  may  be  observed 
lying  between  the  Galena  or  lead-bearing  limestone,  the  upper  member 
of  the  Trenton  group,  and  the  Niagara  limestone.  These  shales  are 
filled  with  organic  remains  of  the  age  of  the  Hudson  River  group  of 
New  York,  and  thus  furnish  evidence  that  the  sequence  of  the  rocks,  as 
observed  in  this  State  is  the  same,  or  nearly  the  same,  in  this  part  of  the 
Mississippi  Valley.  The  **  mounds  "  of  Iowa  and  Wisconsin  are  made 
up  in  part  of  these  shales,  overlaid  by  the  harder  beds  of  the  Niagara 
limestone,  and  a  fine  section  of  nearly  the  whole  series  may  be  obtained 
at  Scale's  Mound,  near  Galena.  Owing  to  the  soft  and  easily  decompos- 
ing nature  of  these  beds,  they  are  usually  covered  by  soil  and  vegetation, 
but  the  peculiar  shape  of  the  mounds,  as  well  as  other  circumstances, 
would  lead  to  the  conclusion  that  such  beds  as  these  would  be  found  in 
them.  He  had  also  ascertained  that  the  Onondago  Salt  Group  existed 
with  a  thickness  of  100  feet  on  the  Mississippi,  distinguished  by  the 
same  lithological  character  as  in  New  York.  A  thick  bed  of  limestone, 
above  the  Niagara,  might  probably  be  referred  to  the  age  of  the  limestone 
of  Gait,  Canada,  since  its  fossils  and  other  characters  were  similar ;  and 
perhaps  a  portion  of  the  rocks  of  the  north  shore  of  Lake  Michigan, 
hitherto  supposed  to  be  of  the  Niagara  age,  might  be  referred  to  the 
same  age  as  the  Gait  limestone. 

On  the  Plan  of  Development  in  the  Geological  Hietory  of  North 
America,  By  Jambs  D.  Dana. — This  paper  was  an  application  to  the 
geological  development  of  North  America  of  views  previously  published 
by  the  author.     Adopting  the  idea,  that  the  shrinking  of  the  earth's  crust 
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lias  been  tbe  direet  agent  in  all  the  great  geological  cHanges  of  tbe  snr- 
faoe,  be  regards  the  sabsidenoe  of  the  ocean  banna  as  the  immediate 
instrument  in  uplifting  and  corrugating  the  adjacent  continents.  He 
maintains  that  the  typical  form  of  a  continent  is  a  trough  or  basin,  whose 
sides,  raised  into  mountains,  are  so  turned  as  to  face  the  widest  range  of 
ocean,  and  that  the  height  of  those  mountains,  and  the  extent  of  igneous 
action  along  them,  is  directly  proportioned  to  the  size  of  the  oceans. 

Referring  to  the  deyelopment  of  North  America,  we  see  the  small 
Atlantic  on  one  side,  and  the  great  Pacific  on  the  other,  making  the  rela- 
tive amounts  of  force  from  the  two  directions,  the  south-east  and  south- 
west, during  the  progressive  ages  of  the  history,  the  former  gently  folding 
up  the  Appalachians,  and  the  latter,  with  far  mightier  energy,  raising 
the  rocks  and  mountains,  and  opening  the  volcanoes  of  Oregon.  Remarking 
that  the'area  of  Azoic  rodlcs  has  something  of  aV  shape,  and  opening  towards 
the  north,  with  Hudson  Bay  between  its  arms,  Professor  Dana  considers 
this  area  as  a  stand- point  against  which  the  uplifting  agency  operated 
from  the  Atlantic  and  Pacific  sides,  the  evolation  of  the  continent  taking 
place  through  the  consequent  vibrations  of  the  crust,  and  the  additions 
to  this  area,  along  its  south-east  and  south-west  sides.  These  two  systems 
of  forties — the  south-east  and  south-west —continued  to  act  until  the  close  of 
the  Tertiary  period,  when,  having  brought  the  continent  nearly  to  its 
present  form,  they  died  out,  or  gave  place  to  a  northern  force,  which  made 
itself  felt  in  long  and  slow  oscillations  of  the  arctic  regions  during  the 
Poet-Tertiary  period. 

Notice  of  a  remarhable  instcMce  of  Inclined  Stratification  in  Warren 
County,  New  York,  By  J.  D.  Whitney. — In  the  locality  referred  to,  near 
Lake  George,  a  fine  white  sand,  containing  small  quartz  pebbles,  has  been 
depoeited  over  a  considerable  extent,  and  with  a  thickness  of  25  feet 
vertical,  having  a  dip  of  thirty  degrees.  The  fact,  thus  established,  that 
strata  may  be  deposited  at  a  high  angle,  led  to  the  development  oC  a 
theory  of  the  formation  and  dip  of  the  sandstones  of  the  Connecticut 
Valley,  and  other  similar  deposits  on  the  Atlantic  slope  of  the  Appalachian 
chain.  The  main  point  of  the  theory  was  this  :  that  these  beds  of  sand- 
stone were  originally  deposited  in  an  inclined  position  in  a  basin  of  sub- 
sidence, by  currents  of  water  carrying  detritus,  which  currents  were  pro- 
duced by  the  subsidence  itself.  If  a  fault  originated  in  a  valley,  at  one 
side  or  the  other,  and  there  should  be  a  subsidence  on  that  side,  a  current 
of  water  would  be  produced,  of  greater  or  less  violence,  which  current 
would  set  across  the  valley,  and  carry  with  it  the  material  abraded  from 
the  adjacent  region,  which  would  be  deposited  in  strata  dipping  at  a  con- 
siderable angle,  at  right  angles  to  the  line  of  direction  of  the  fault,  as  in 
the  Connecticut  Valley.  According  as  the  subsidence  was  to  the  east  or 
the  west,  the  dip  of  the  strata  would  be  m  the  opposite  direction.  Thus, 
the  origin  of  limited  basins  of  sandstone,  having  a  dip  transverse  to  the 
direction  of  the  basin,  would  be  fully  explained  by  a  cause  lying  within 
the  basin  itself — a  phenomenon  which  had  not  as  yet  been  satisfactorily 
explained  by  geologists. 

On  the  Geology  of  the  Broadtop  Coal  Region  in  Central  Penneylvania. 
By  J.  P.  LvsLxv. — The  author  stated,  that  he  had  made  a  nearly  complete 
survey  of  the  seventy  or  eighty  square  miles  which  it  covers.  The  levels  of 
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more  than  nine  thousand  points  npon  the  mountain  had  been  obtained,  and 
the  structure  made  out  with  a  fair  approximation  to  accuracy.  In  another 
season  the  economical  operations  upon  the  mountain  will  be  so  multiplied 
that  the  minutest  features  of  structure  will  become  known,  and  a  complete 
discassion  of  the  fossils  be  possible.  The  present  paper  was  intended  to 
present  only  the  fact  and  method  of  his  survey,  with  its  principal  resolta. 
It  has  determined  that  the  succession  of  the  measure  was  not  different 
from  the  system  made  out  in  Western  Pennsylvania  and  Eastern  Ohio. 

On  the  DepodU  of  the  FostU  FUhe$  and  Reptiles  of  Linton,  Ohio, 
By  J.  S  Nbwbbrrt. — Professor  Newberry  exhibited  to  the  Section  a 
series  of  fossil  fishes  of  great  beauty,  and  well  preserved,  derived  from 
the  Carboniferous  strata  of  Ohio,  from  a  locality  which  he  had  dis- 
covered nearly  two  years  ago,  and  which  rivalled,  in  the  variety  and 
beauty  of  its  fossils,  the  famous  fish -beds  of  Solenhofen  or  Monte  Bolca. 
These  fishes  were,  however,  truly  carboniferous  (occurring  near  the  centre 
of  the  Ohio  portion  of  the  Alleghany  coal-field),  both  geogra-  phically 
and  stratigraphically.  The  deposit  was  therefore  to  be  compared  with 
that  of  the  fossil  fishes  at  Burdiehouse  in  Scotland,  so  fuUy  illustrated 
by  Dr  Hibbert.  In  the  Ohio  deposit  was  represented  every  genus  found 
in  the  limestones  of  Burdiehouse,  with  a  single  exception  ;  while  in  ad- 
dition there  were  several  genera  not  yet  found  in  Scotland.  The  num- 
ber of  species  was  greater  in  the  American  than  the  Scotch  deposits,  and 
all  were  ditferent.  Nearly  all  the  species  had,  however,  a  character  com- 
mon to  those  of  Burdiehouse,  in  the  elaborate  ornamentation  of  their 
scales  and  plates,  in  which  they  differed  from  most  of  the  fossil  fishes  of 
the  coal  series.  He  said  the  similarity  of  all,  and  the  identity  of  many, 
of  the  fossil  plants  from  the  coal  strata  of  Europe  and  America  had  been 
noticed,  and  now  the  general  similarity  of  the  fossil  fishes  still  further 
indicated  the  synchronism  of  the  Coal  period  on  the  two  continents.  These 
fish  remains  were  found  in  a  thin  stratum  of  cannel  coal  lying  at  the  base 
of  a  thick  bed  of  bituminous  coal.  There  was  every  reason  to  conclude 
that  these  fishes  had  inhabited  a  lagoon  or  space  of  open  water  in  the  coal- 
producing  marsh,  as  within  a  mile  or  two  in  any  direction  the  cannel  coal 
and  the  fish  remains  ceased  to  be  found  ;  that  in  this  lagoon  the  smaller 
fishes  lived  in  great  numbers,  and,  as  their  teeth  proved,  lived  on  vege- 
tables. On  these  fishes,  which  were  of  the  genera  PakBoniscits,  Arrhlyp^ 
terus,  Mekolepis,  &c.,  the  Ccelacanths,  which  were  carnivorous,  subsisted ; 
while  these,  in  turn,  became  the  prey  of  the  great  sauroid  MegalicfUhyt, 
and  of  the  sharks.  These  facts  he  inferred  from  the  coprolites  of  the 
larger  fishes  being  composed  almost  entirely  of  the  scales  and  bones  of  the 
smaller  species  which  had  served  them  for  food.  Probably  this  lagoon 
communicated  with  the  open  ocean,  where  the  sharks  and  rays,  &c., 
lived.  It  had  been  evidently  a  favourite  feeding  ground  with  them,  but 
by  some  means  the  entrance  had  been  stopped,  the  lagoon  dried  up,  par- 
tially at  least,  and  the  fish  dying  in  great  numbers  about  the  same  time, 
furnished  us  with  so  many  beautiful,  unmutilated  specimens  of  old  and 
young.  Subsequently  the  surface  was  occupied  by  a  growth  of  marsh 
vegetation,  and  the  bituminous  coal  was  formed  without  a  traee  of  fishes. 

In  connection  with  this  paper.  Professor  Newberry  made  some  remarks 
on  the  mode  of  formation  of  cannel  coab.     He  stated  that  an  ezamina- 
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tioQ  of  tbe  coal  beds  of  Ohio,  their  changes  from  one  onterop  to  an* 
other,  both  in  physical  and  chemical  character^,  had  convinced  him  that 
the  distinctive  peculiarities  of  seams  of  this  kind  of  coal  are  due  to  their 
deposition  in  water,  and  to  the  commingling  of  a  considerable  portion  of 
animal  matter  with  the  macerated  and  dissolved  vegetable  tissue  of  which 
tbej  are  chieflj  made  up.  That  a  resinous  vegetation  could  have  given  its 
inflammable  character  to  cannel,  he  thought  improbable.  He  had  found 
unchanged  resin  in  bituminous  coal,  but  never  in  cannel.  The  greater 
relative  proportion  of  earthy  matter  in  cannels  would  be  an  almost  neces- 
sary result  of  covering  the  vegetable  matter  with  a  fluid  heavier  than  air, 
and  having  greater  power  of  transporting  sediment.  The  appearance  of  the 
fossils  previously  noticed  also  seems  to  prove  the  aqueous  nature  of  the 
origin  of  cannel.  Pieces  of  cannel  from  England  correspond  with  those 
in  which  these  fossils  are  found.  Shells,  too,  are  not  un frequently  found 
in  the  middle  of  a  stratum  of  cannel.  Among  the  vegetable  remains  found 
ia  this  coal  by  Mr  Newberry  are  8Ugmari<e  roots  and  rootlets  of  trees 
which  grow  in  coal-producing  marshes, — roots  characteristic  of  the  under 
class  of  the  coal-seams,  and  others.  Strata  of  ordinary  bituminous  coal 
usually  consist  of  layers  of  greater  or  less  thickness  of  brilliant  bitumen, 
having  a  conchoidal  fracture,  alternating  with  thin  layers  of  what  is  gene- 
rally cannel,  sometimes  containing  so  much  earthy  matter  as  to  become 
bituminous  shale ;  at  times  these  layers  of  cannel  are  of  considerable  thick- 
ness, and  form  an  important  part  of  the  stratum.  This  arrangement  is 
attributed  to  the  variable  quantity  of  water  covering  the  coal-marshes — ;• 
the  cannel-like  layers  being  deposited  during  the  prevalence  of  higher 
water,  when  the  fishy  remains  could  naturally  have  become  a  portion  of 
the  stratum. 

On  the  Organization  of  Acanihocephcda,  Bj  Dr  Wsxnland. — The 
anatomy  of  a  worm  would  seem  a  matter  of  not  very  great  importance. 
But  those  who  have  followed  the  development  of  science  have  seen  that 
many  little  facts  in  the  animal  kingdom,  and  particularly  observations 
made  on  the  so-called  lower  animals,  are  just  those  upon  which  rests  a 
great  part  of  all  physiology,  including  that  of  man.  In  those  lower  ani- 
mals, in  a  worm,  for  instance,  we  have  all  the  so-called  physiological  sys- 
tems, the  reproductory  as  well  as  the  digestive  and  respiratory  organs,  in 
the  most  simple  form.  There  we  must  study  first  all  those  processee 
which  go  on  in  what  we  call  a  living  being.  Two  years  since  a  very 
strange  discovery  was  made  in  an  intestinal  worm  in  relation  to  its  re* 
production :  and  now  this  strange  fact  has  become  a  law  throughout  the 
animal  kingdom,  including  mankind.  This,  I  think,  is  the  true  view  of 
these  so-eaUed  lower  animals.  I  intend  to  speak  to-day  on  the  digestive 
apparatus  of  the  acanthocephala,  a  sub-order  of  the  belmintha,  which  ap- 
paratus I  discovered  last  winter.  There  have,  in  zoology,  remained  still 
a  large  number  of  animals,  which  are  said  to  have  no  distinct  digestive 
apparatus.  And  this  is  certainly  true  of  the  rhizopodes,  a  family  of  in- 
fusoria— the  lowest  animals  which  we  know.  Let  us  look  at  such  a  rhi- 
sopod,  of  perhaps  1*400 th  of  a  line  indiameter — a  mucous  matter,  which 
may  now  have  the  shape  of  a  round  ball,  now  that  of  a  star,  without  any 
skin  around  it,  but  with  some  globules  in  its  body,  which  are  swallowed 
as  food  balls.  We  remark  near  its  margin  a  reddish  dot ; — this  reddish 
dot  is  a  heart,  for  it  contracts  once  every  minute.     Now,  how  does  this 
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•nimal  feed  7  There  it  no  moutb,  no  intestinal  oanaL  A  friend  of  mine, 
Mr  Capasidc,  hac  seen  it  eating.  When  another  infusorinni  (for  these 
are  the  food  of  the  rhizopodet)  oomos  into  its  neighbourhood,  we  see  the 
rhiznpod  at  onoe  throwing  all  its  bod  j  over  it.  and  in  the  next  seeond  we 
•eo  the  prej  in  the  centre  of  the  rhisopod.  A  motion  begins  in  the  bodj* 
and  a  minute  after,  the  eaten  infusorium  is  a  shapeless  food  baM.  I  hare 
seen  this  myself  once — a  rare  chance,  for  it  eats  onlj  onoe  in  aboat  ten 
hours.  But  there  are  said  to  be  many  other  animals  which  rank  much 
higher  thsn  the  infusoria,  who  feed  without  month  and  digestive  appa- 
ratus, by  a  mere  imibition  through  the  skin.  Among  others,  till  lately^ 
all  the  sub-order  of  the  aeanthocephalous  worms  have  been  considered  ae 
having  no  mouth,  no  intestine.  But  last  winter  I  found  a  meeth  aad 
two  intestinal  ears,  starting  from  it  and  hanging  down  into  the  body,  im 
four  different  species  of  this  sub- order  ;  and  we  can  state,  from  analogy, 
that  all  this  sub-order  has  a  digestive  apparatus  like  that  other  sub-order, 
trematoda.  Its  generally  being  £:>vnd  empty  may  account  for  its  being 
overlooired  for  so  long  a  time  by  naturalists. 

On  gome  Evphotides,  and  other  fehpatkic  rocht.  By  T.  Stkret 
HuKT. — The  name  of  Evphottde  was  applied  to  certain  rock  masses  of 
the  Alps  and  of  (Corsica,  which  were  composed  of  an  aggregate  of  a  fels- 
pathic  mineral,  more  or  less  compact,  to  which  the  name  of  Satiuurite 
was  given,  and  some  variety  of  augite  or  hornblende,  whose  different 
nature  has  caused  the  rock  to  be  designated  as  kypersthentte,  gahbro, 
granitone,  and  evphottde,  by  different  authors.  The  results  of  the 
author's  studies  of  the  so-called  Labradorite  rocks  of  the  Laurentian  sys- 
tem, show  that  these  altered  sedimentary  deposits  consist  essentially  of 
lime*felspars  of  the  triclinic  system,  holding  small  and  variable  amounts 
of  hypersthene  or  of  pyroxene.  The  felspars  vary  in  composition,  yield- 
ing sometimes  the  formula  of  andesine,  at  others  that  of  Labradorite  or 
anorthite.  Sometimes  they  are  coarsely  crystalline :  in  otljer  cases  fine- 
grained and  almost  impalpable,  resembling  Saussurite,  and  constituting, 
with  their  intermingled  pyroxene,  veritable  euphotides,  which  pass  by  in- 
sensible degrees  into  the  coarse-grained  Labradorlto  rocks,  with  which 
they  are  chemically  and  mineralogically  identical.  In  support  of  these 
conclusions,  the  author  presented  a  series  of  specimens  and  a  great  num- 
ber of  analyses. 

The  altered  lower  Silurian  strata  of  the  Green  Mountains  present,  in 
dose  association  with  8er]ientines,  a  series  of  fine-grained  felspathie  rocks, 
sometimes  crystalline,  and  at  others  almost  impalpable,  which  are  found, 
on  careful  examination,  to  consist  essentially  of  a  triclinic  felspar,  having, 
in  the  case  of  the  specimens  exhibited,  the  composition  of  albite  associated 
with  an  anhydrous  silicate  of  lime,  magnesia,  and  oxide  of  iron,  having  all 
the  characters  of  hornblende.  These  rocks  have  a  density  of  above  2'75» 
and  form  large  interstratified  masses  in  the  vicinity  of  the  serpentines. 
They  are,  according  to  the  author,  veritable  euphotides. 

Other  felspathie  rocks  in  the  same  series  have  the  characters  of  petro- 
silex,  and  sppear  to  be  referable  to  the  eurite  of  D'Halloy.  The  speci- 
mens exhibited  were  of  a  tough,  dusty,  sub-translucent  greenish- white 
rock,  having  a  densHy  of  about  2-6^,  The  result  of  its  analysis  showed 
that  it  is  to  be  regarded  as  probably  an  intimate  mixture  of  quarts  witJi 
fekpar,  having  the  formula  of  albite.     The  sedimentary  origin  of  thase 
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^posits  is  undotibted,  and  the  consideration  of  their  metamorphosis  pre- 
sents many  points  of  great  interest. 

Oii  Ae  SerptnHne$  of  the  Oreen  Mountains  a/nd  iome  cf  their  (utoei- 
aie$,  B/  T.  Stbbrt  Hukt. — In  this  paper  was  considered  the  nature  of 
the  serpentines  of  the  Green  Mountains  in  Canada.  The  researefaes  of 
Sir  William  Logan  haye  fully  established  the  stratlgraphical  position  of 
tiie  serpentine  as  belonging  to  that  portion  of  the  Hudson  River  group 
which  contain  the  sparry  limestones  of  Eaton.  The  serpentines  are 
aometimes  homogeneous,  and  are  hydrated  silicates  of  magnesia  and  pro* 
toxide  of  iron,  without  any  admixture  of  carbonates,  but  frequently  the/ 
assume  the  form  of  conglomerates,  in  which  rounded  or  angular  masses 
of  serpentine  are  imbedded  in  a  paste,  which  is  a  carbonate  of  lime,  magf* 
nesia,  and  iron,  constitutiag  a  ferruginous  dolomite,  at  other  times  a  nearijr 
pare  carbonate  of  lime.  Diallage  is  of\en  intermingled  with  the  serpen-* 
tine,  or  constitutes  a  rode  by  itself.  The  same  series  of  rocks  prcsenls 
great  beds  of  siliceous  dolomite  containing  much  carbonate  of  iron,  at 
other  times  the  lime  is  wanting ;  and  we  have  magnesite  roek,  which  is 
sometimes  mingled  with  a  large  amount  of  nearly  pure  siliceous  matter  to 
which  the  carbonate  s^ies  is  a  cement.  At  other  times  the  siliceous  mix- 
ture is  a  mixture  of  talc  with  a  silicate  resembling  a  felspar  in  composition* 
Small  portions  of  oxide  of  chrome  and  of  nickel  are  alwajs  found  in  the 
magnesites,  and  these  two  metals  are  also  frequently  found  associated  with 
the  serpentines  not  only  of  Canada  but  of  other  regions.  Associated  with 
tiie  serpentines,  and  sometimes  intermingled,  is  a  white  massive  rodt, 
having  a  density  of  about  3  50,  and  being  a  silicate  of  alumina  and  lime, 
having  the  composition  of  a  lime  garnet ;  other  specimens,  having  a  den- 
sity of  3*30  to  3*40,  appear  to  be  ultimate  mixtnres  of  garnet  with  a  white 
pyroxene.  The  aluminous  silicate  in  some  of  these  rocks  may  possibly  be 
related  to  idocrase  or  epidote.  This  remarkable  variety  of  rock  is  evi- 
dently derived  from  the  alteration  of  an  argillaceous  limestone,  which  hai 
lost  its  carbonic  acid,  by  a  process  precisely  similar  to  that  by  which  ser- 
pentines, talcs,  and  chloritee  may  be  formed  from  siliceous  and  argillaceous 
magnesites,  while  the  similar  dolomites  give  rise  to  diallages,  and  asbestos^ 
and  hornblende  rocks.  As  a  general  fact,  it  may  be  said  that  the  original 
sediments  contain  all  the  ingredients  necessary  to  yield  the  different 
species  which  are  brought  out  by  subsequent  metamorphism— a  proposi*- 
tion  of  the  highest  importance  for  the  correct  understanding  of  the  theory 
ef  the  metamorphio  rocks. 

Exhibition  of  FoBiil  Fish  Remains  from  the  Carboniferous  Limestones 
and  Coed-measures  of  Illinois.  By  A.  H.  Worthen. — The  occurrence 
of  these  remains  has  up  to  the  present  time  been  considered  extremely 
rare  in  the  Mountain  Limestones  of  the  Western  States ;  and  except  in 
the  thin  bands  of  limestone  about  to  be  described,  they  are  among 
the  rarest  of  the  several  beds  that  compose  the  sub-carboniferous  series 
of  the  region  under  consideration.  Several  years  since,  while  engaged 
in  collecting  the  fossils  of  this  formation  near  Warsaw,  111.,  Mr  W.  ob- 
served a  thin  band  of  gray  crinoidal  limestone,  which  contained  the 
palate  bones  of  fish  in  considerable  numbers ;  and  subsequent  research  has 
revealed  two  more  of  these  "  platforms  of  death"  lower  down  in  the 
series,  densely  filled  with  these  remains.    The  upper  fish-bed  is  situated 
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in  the  apper  part  of  what  Mr  Worthen  calla,  for  the  want  of  a  better  namer 
the  Lower  Archiniede*  Limettone,  since  it  is  the  lowest  bed  at  present 
Icnown  to  contain  fossil  corals  of  the  genus  Archimedipora.     The  remains 
from  this  bed,  with  one  or  two  exceptions,  consist  entirely  of  palate- 
teeth,  associated  with  cjathophylla-formed  corals,  Spirifer  oralis  and  9pi* 
rifer  cutpidahu.    The  middle  fish-bed  is  situated  at  the  base  of  this  Ar-^ 
chimedes  Limestone  and  near  its  junction  with  the  Oherty  beds  below. 
This  bed  has  proved  by  far  the  most  prolific  in  these  remains,  and  from 
it  Mr  Worthen  obtained  more  than  ^Ye  hundred  #ell-preserTed  teetb  at  a 
single  locality,  and  on  a  surface  not  exceeding  ten  feet  square.  The  fossils 
from  this  bed  are  mostly  jaw- teeth,  with  comparatiyely  few  palate- teeth 
and  spines.     The  matrix  in  which  they  are  embedded  is  a  coarsely  gra- 
nular crinoidal  limestone,  not  abore  four  inches  thick,  and  sometimes  so 
friable  as  to  be  easily  crumbled  between  the  fingers.     This  character  of 
the  matrix  enables  the  collector  to  obtain  these  delicate  and  beautiful  foe- 
ails  in  a  rare  state  of  preservation.     Beside  the  cyathophy  11a- formed 
corals  in  the  upper  bed,  we  have  an  interesting  coralline  form  occurring 
in  equal  abundance,  and  belonging  to  a  genus  which  he  did  not  know. 
He  also  obtained  the  head  of  one  species  of  Aotinocrinus  from  this 
stratum.     This  bed  is  separated  from  the  one  above  by  the  limestones 
and  marlites  of  the  Keokuk  quarries,  from  25  to  30  feet  in  thickness. 
The  lower  fish-bed  is  situated  near  the  top  of  the  Burlington  crinoidal 
limestone,  and  the  stratum  in  which   the  fish- remains  occur  does  not 
difibr  materially  either  in  its  lithological  or  palaeontological  character, 
from  the  associated  strata.     This  crinoidal  limestone  forms  the  base  of 
the  mountain  limestone  series  in  this  region,  and  rests  directly  upon 
rocks  equivalent  to  the  Portage  and  Chemung  groups  of  New  York. 
This  lower  bed  has  yielded  a  great  number  of  teeth,  though  they  are 
usually  of  smaller  size  than  in  the  upper  beds.     This  stratum  was  first 
observed  at  Quincy,  Illinois,  and  has  since  been  recognised  in  Henderson 
County,  in  the  same  state,  and  at  Augusta,  in  Iowa,  points  nearly  one 
hundred  miles  distant  from  the  one  first  named,  showing  that  these  fish* 
beds  are  not  local.     This  bed  has  also  afibrded  one  well*marked  bone 
nearly  four  inches  long.     From  these  specimens  it  seems  that  the  fishes 
of  the  sub- carboniferous  era  increased  in  size  from  the  beginning  to  the 
end  of  that  period,  and  that  by  far  the  greater  portion  of  them  were  carti- 
laginous, only  two  well-marked  bones  having  been  obtained  from  at  least 
one  thousand  well-preserved  teeth.     The  Pentremitas  and  Archimedes 
limestones  of  southern  Illinois  have  afforded  several  very  fine  specimens 
of  fish-remains,  but  a  verj  careful  examination  has  not  yet  revealed  any 
strata  in  which  they  occur  in  such  profusion  as  in  the  lower  beds.    Going 
south  through  Tennessee  and  Northern  Alabama,  though  this  formation 
attains  a  thickness  of  more  than  one  thousand  feet  in  the  valley  of  the 
Tennessee  River,  these  remains  are  exceedingly  rare,  and  a  careful  re- 
search of  several  days  yielded  only  three  or  four  specimens  of  this  class 
of  fossils.     An  interesting  inquiry   arises  as  to  the  causes  which  de- 
stroyed such  great  numbers  of  the  vertebrated  inhabitants  of  the  ocean 
during  the  deposit  of  the  thin  bands  of  limestone  in  which  their  remains 
are  entombed  in   such  numbers.     Unlike  the  Ichthyolites  of  the  Old 
Red  Sandstone  below,  and  the  Lias  and  Chalk  above,  those  of  the  moun- 
tain limestone,  now  before  us^  only  occur  in  the  fragmentary  condition  of 
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laolated  teeth  and  spines,  affording  in  themselves  no  clue  to  the  causes 
which  maj  have  operated  in  their  destruction,  and  leaving  us  to  conjec- 
ture whether  thej  fell  victims  to  disease,  or  to  an  injection  of  heated 
water  or  noxious  gases  into  the  ocean  in  which  thej  lived.  From  the  want 
of  authorities  and  foreign  specimens,  Mr  Worthen  has  not  attempted  to 
identify  these  fossils  with  similar  ones  in  Europe.  Still  we  may  reason- 
ably expect  that,  when  all  these  collections  have  been  fully  collated ,  many 
new  species  will  be  added  to  those  already  known  to  occur  in  the  upper 
PalsDozoio.  The  fossils^resented  were  only  a  small  part  of  those  which 
had  been  collected  in  that  region. 

Professor  AoASSiz  alluded  to  the  fact  that  two  varieties  of  £sh -remains 
are  found  belonging  to  the  same  geological  period.  The  differences 
found  in  these  proved  to  him  the  fact  that  they  must  have  lived  in  waters 
of  a  different  nature — in  other  words,  that  one  variety  belonged  to 
fresh  or  brackish  water  and  the  other  to  salt.  These  specimens  brought 
by  Mr  Worthen  are  precisely  like  those  of  Ireland ;  those  brought 
by  Mr  Newberry  are  like  those  found  near  Glasgow  in  Scotland. 
Mr  Worthen's  he  holds  to  be  truly  marine ;  it  is  now  to  be  found 
alive  only  as  a  marine  fish,  and  in  certain  parts  of  the  Pacific.  These 
fishes  have  no  skeleton,  and  of  course,  after  death,  unless  preserved  by 
some  extraordinary  conjuncture  of  circumstances,  will  entirely  decay,  ex- 
cepting the  teeth,  and  possibly  a  bone  or  two,  and  the  two  hard  spines  of 
the  dorsal  fin.  Of  these  spines  he  found  two  specimens  among  these  re- 
mains. Though  he  had  studied  the  best  collection  of  fossQ  fishes  in 
Europe,  yet  this  one  affords  the  means  of  beginning  the  study  anew,  and 
gaining  new  information  upon  the  subject.  These  fragments  will  enable 
the  Naturalist  to  go  further  in  reconstructing  the  animal  than  all  the 
others.  In  one  of  these  specimens  he  finds  two  teeth,  connected  in  such 
a  manner  as  to  show  him  that  marks  which  he  has  formerly  published  as 
proving  the  existence  of  two  species,  are  in  fact  those  of  a  single  one.  He 
thought  this  collection  so  fine  and  valuable  as  to  be  worth  having  every 
specimen  carefully  depicted.  The  Lepidostetts  of  this  collection  is  now 
found  alive  only  in  the  riversof  Senegal ;  and  as  it  there  never  descends 
into  the  salt  water,  he  infers  that  these  must  also  have  been  fresh-water 
llsh. 

On  the  Relation  of  the  Poet-Permian  Fiehcs  of  Connecticut  and 
eiher  Atlantic  Statee  to  the  TrioMic  and  Jurassic  periods.  By  J.  H. 
Rbdfixld  and  W.  C.  Redfibld. — This  paper  refers  in  some  detail  to  the 
previous  publications  of  Mr  J.  H.  Redfield  and  Mr  W.  C.  Redfield,  on 
the  fossil  fishes  of  the  sandstone  belt  of  some  of  the  Atlantic  States.  The 
nearly  homooercal  character  of  some  of  these  fishes  was,  in  1837,  re- 
marked upon  by  the  former  as  "  implying  for  the  formation  even  a  higher 
place  in  the  series  than  that  assigned  it  by  geologists,"  (New  Red). 
And  in  a  report  to  the  American  Association  in  1845,  which  has  re- 
mained unpublished,  he  infers,  from  like  evidence,  that  the  including 
rock  cannot  be  older  than  the  triassio,  while  it  must  be  placed  at  least 
as  low  in  the  series  as  the  lias  or  oolite. 

Mr  W.  C.  REDrxBLD,  on  the  g^und  of  the  homology  of  caudal  struc- 
ture, reclaims  the  Dictyopyge  of  Egerton,  founded  on  his  Catopterus 
macrwrue  as  still  belonging  to  the  genus  Catopterus.     In  a  postscript,  he 
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adds,  that  he  finds  the  remainft  of  Catoptenu  brought  from  the  North 
Carolina  belt  by  Professor  Emmons  to  be  scarcely  distinguishable  iroip 
most  of  those  of  the  Connecticut  and  New  Jersey  rocks.* 

Permian  and  Tricune  8tf9tetM  of  North  Carolina*  By  Prof.  Ebereeek 
EiixoNe.— After  describing  the  chief  lithologieal  features  of  the  rocka 
oomposxng  the  two  sedimentary  belts  here  referred  to,  the  author  stated 
his  reasons  for  regarding  them  as  made  up  of  portions  belongring  lespeo- 
tively  to  the  Permian  and  the  Triassic  systems.  In  what  he  described  as 
the  lowest  of  these  groups,  he  had  found  remains  of  Thecodont  Sauriana. 
The  teeth  of  the  Saurians  are  in  sockets,  the  yertebrss  are  concave  at 
both  ends,  and  constricted  at  the  sides,  the  ribs  are  double-headed.  Se- 
Teral  of  the  teeth  agree  with  those  of  Clepsy$auru$  penn$ylvanicu$. 
One  tooth  he  regarded  as  belonging  to  PalsDosaurus.  Another  specimen 
presented  what  he  thought  to  be  the  plates  of  the  head^f  Archagosauma. 
These  specimens  are  found,  some  embedded  in  coal  and  some  in  hard 
rock.  Along  with  them  is  a  minute  Cypris,  and  among  the  coal-measures 
a  yariety  of  plants.  This  dirision  Professor  Emmons  regards  as  Per- 
mian, The  group  of  rocks  above  this  containing  Cycadem,  Yoltziay  and 
"Walchia,  he  refers  to  the  JCeuper. 

Mr  Wif  P.  Blake  read  a  paper  on  the  Orography  of  the  We$tem 
portion  of  the  United  State$,  illuitrating  it  with  a  map, — It  was  but  a  few 
years,  he  said,  since  the  vast  territory  lyin^  between  the  Mississippi  and 
the  Pacific  was  an  almost  unknown  region.  The  recently  completed  surveys 
made  to  determine  the  most  practicable  railroad  route  to  the  Pacific  have 
added  largely  to  our  previous  knowledge.  Eight  expeditions  have  been 
tent  out,  each  with  an  independent  outfit,  instructions,  and  line  to  survey. 
They  crossed  the  country  at  different  parallels  of  latitude,  and  their  routes 
were  selected  with  reference  to  the  unexplored  spaces.  The  result  of  these 
surveys  filled  up  nearly  all  the  previously  blank  spaces  on  the  map  of  the 
territories.  The  position,  direction,  and  altitude  of  ranges  of  mountains 
not  before  described  had  been  made  known.  The  direction  and  position 
of  a  part  of  the  Great  Colorado  and  other  rivers  have  been  changed,  and 
the  boundaries  of  the  Great  Basin  restored  to  the  limits  originally  assigned 
by  Fremont,  As  the  attention  of  the  surveys  had  been  specially  directed 
to  the  determination  of  altitudes  and  grades,  and  a  large  number  of  accu- 
rate instruments  had  been  provided  for  this  purpose,  the  results  were 
nAusually  interesting  in  an  orographic  point  of  view.  The  materials 
which  had  teen  collected  at  the  date  of  publication  of  the  preliminary  re- 
port were  sufBcient  to  admit  of  the  oonstraction  of  A^e  profiles  of  the 
country  from  the  Mississippi  to  the  Paoifio.  These  were  ledneed  to  one 
ie4le,  and  published  on  one  sheet,  nnder  the  direction  of  the  Secretary  of 

*  It  will  b«  seen  that  these  Inferences  harmonise  with  the  conoliisioDS  drawn 
by  Ph>fetsor  W,  B.  Rogers,  from  an  examination  of  the  vegetable  remains  of  the 
eastern  belt  in  Virginia,  and  from  his  subsequent  discovery  in  this  and  the  other 
belts  of  certain  common  fossilf,  especially  Cypridse  and  Posidonomyv.  The 
former  inquiry  led  him,  in  184!^,  to  assign  to  the  eastern  belt  of  Virginia  a  posi- 
tion low  in  the  Jurassic  series,  and  the  latter  has  more  recently  ltd  him  to  place 
the  western  or  great  prolonged  belt,  on  a  horisoa  but  little  lower  than  the  former, 
near,  bat  still  above,  the  upper  limit  of  the  Trias.  The  discovery,  lately,  by  Mr 
B.  Hltehcook,  of  a  Oiathropteris  in  the  Odnneotkut  sandstone,  lends  farther  sap- 
perl  le  tlUs  view. 
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War.  It  is  from  these  new  materials,  combined  with  the  results  of  pre* 
▼ions  explorations,  that  Mr  Blake  had  prepared  the  map  which  was  before 
tho  Association.  The  great  number  and  wide  distribution  of  the  moun- 
tains, and  the  variety  of  names  under  which  the  same  chain  is  known  at 
different  places,  make  it  necessary  to  consider  them  in  groups,  in  order  to 
facilitate  deseriptions  and  comparisons.  They  are  separated  by  nature 
into  three  great  divisions,  which  may  be  described  as  follows  : — The  first 
group  consists  of  the  great  line  of  water-shed  between  the  Pacific  and 
the  Atlantic  Oceans,  commonly  known  in  part  as  the  Rocky  Mountains^ 
extending  from  the  table-land  of  Mexico  to  and  beyond  our  northern 
boundary.  The  second  may  include  the  Sierra  Nevada  of  California,  and 
its  prolongations,  south  into  Lower  California,  and  north  into  Oregon  and 
Washington  territories  ;  also  all  the  ranges  between  this  chain  and  the 
coast — the  coast-mountains  of  California.  The  third  is  composed  of  the 
numerous  and  broken  ranges  lying  between  the  first  and  second  groups* 
The  first  group  is  sufficiently  characterized  by  being  the  dividing  ridge 
or  crest  of  the  continent,  from  which  tho  waters  flow  each  way  into  the 
Pacific  and  Atlantic.  Tho  second  is  characterized  by  its  lofty  and  un-  • 
broken  line  of  snowy  peaks,  forming  a  great  wall  along  the  Pacific ;  and 
the  third  is  well  separated  from  the  first  by  the  valleys  of  the  Colorado 
and  Green  River  in  the  south,  and  Snake  River  in  the  north,  while  on 
the  west  it  is  separated  from  the  second  group  by  the  well  defined  line 
of  snowy  heights  of  the  Sierra  Nevada,  and  further  south  by  the  low 
valley  of  the  Colorado  Desert  and  the  Gulf  of  California.  Two  other 
groups  may  be  formed,  of  tho  long  line  of  azoic  rocks  extending  north- 
west from  the  Great  Lakes,  and  of  the  Appalachian  chain,  and  its  exten- 
sions through  New  England  and  Canada,  and  thus  the  principal  chains 
of  the  Continent  will  be  included  in  five  groups.  We  find  the  northern 
portion  of  the  first  group  to  be  composed  of  three  principal  and  nearly 
parallel  ranges : — the  Rocky  Mountains  proper,  the  Bitter  Root  MountainSi 
and  the  Cceur  d*Alene  Mountains.  The  last  two  ranges  are  intersected 
by  the  head  waters  of  the  Colombia  River,  but  they  are  very  properly 
referred  to  this  group.  The  Bitter  Root  range  extends  from  about  lat. 
46  deg.  to  Clark's  fork  of  the  Columbia,  and  is  prolonged  beyond  it  to  the 
eastern  side  of  Flatbow  Lake,  where  it  is  known  by  another  name.  A 
parallel  chain,  or  possibly  a  portion  of  the  same,  is  called  the  Kootanie 
Mountains.  The  Bitter  Root  range  is  considered  more  lofty  and  rugged 
than  the  Rocky  Mountains,  with  which  it  is  joined  by  the  dividing  ridges 
between  the  Bitter  Root  River  and  the  Jefierson  fork  of  the  Missourit 
The  Salmon  River  Mountains,  further  south,  may  be  regarded  as  con- 
nected with  these  ranges.  The  Rocky  Mountains  proper  extend  in  onr 
territories  from  the  boundary  in  a  direction  S,  20  deg.  £.,  260  miles  to 
lat.  46  deg.,  whero  they  curve  to  the  south-west  and  unite  with  the  Bitter 
Root  range.  From  this  point  south  there  is  but  one  range,  of  which,  how^ 
ever,  very  little  is  known,  until  it  unites  with  the  Wind  River  Mountains, 
which  extend  S.  40  deg.  E.  for  about  170  mUes  to  the  depression  known 
as  the  South  Pass.  In  this  range  we  have  the  highest  point  in  the  group 
(Fromont's  Peak)  18,570  feet  in  altitude.  From  the  end  of  this  range 
to  the  next  there  is  a  wide  interval  without  any  mountains.  The 
country  is  a  table-land  or  gently  rolling  prairie,  7500  feet  above  the 
ooean.      About  140  miles  8.£«  we  find  the  ranges  again  iA  partkUel 
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ridges,  trendiDg  sontberlj,  and  incloiiBg  wide  rectangular  Tallejrs  known 
aa  the  Parks.  Tbe  first.  Medicine  Bow  range,  is  nearly  eoincident  in 
direction  with  the  Wind  River  Mountains,  and  is  separated  from  a  par- 
allel range  by  the  head  waters  of  tbe  Platte.  These  motmtaias,  south  of 
the  Medicine  Bow  range,  display  on  the  maps  a  singular  rectangular  inter- 
section of  the  ridges,  arising  partly  from  errors  of  drawing.  These 
mountains  are  known  as  the  Park  Mountains,  and  extend  south  to  the 
sources  of  the  Arkansas  River.  Some  of  the  highest  points  of  the  group 
are  here,  such  as  Pike's  and  Long's  Peaks.  The  long  ridge  usually  repre- 
•ented  between  Fort  Laramie  and  Fort  Union,  called  Black  Hills,  does  not 
exist,  OS  recently  determined  by  Lieutenant  O.  K.  Warren.  The  great 
central  chain  in  the  territory  of  the  United  States  is  about  1400  miles  in 
length,  consisting  principally  of  ranges  running  about  N.N.  W.  and  S.S.E. 

Mr  Blalce  remarked  that  the  great  range  of  the  Sierra  Nevada  was 
not  one  continuous  ridge  or  snowy  crest,  bs  is  generally  supposed.  It  is 
formed  of  many  nearly  parallel  ranges,  which  inclose  elevated  valleys, 
precisely  as  in  the  Great  Basin.  The  northern  part  of  the  Sierra  is 
flattened  down  into  a  broad  table-land.  This  plateau,  in  the  Ticinity 
of  the  Madelin  Pass,  has  an  elevation  of  about  5000  feet,  and  a  width 
of  some  twenty  miles ;  it  is  walled  in  by  ridges  on  each  side,  rising 
from  500  to  3000  feet  higher.  This  plateau  is  broken  by  short  ranges  ; 
but  it  extends  northward  into  Oregon,  to  the  numerous  small  lakes  about 
Lake  Albert.  A  chain  of  lakes,  in  fact,  occupies  the  lower  portions  of 
the  plateaux  for  the  whole  length  of  the  chain,  and  shows  the  great 
amount  of  precipitation  on  tbe  summits.  The  passes  through  these 
mountains  generally  turn  the  points  of  the  isolated  ridges,  or  cross  them 
at  their  lowest  point.  In  passing  southward  along  the  crest,  the  eleva- 
tion of  these  mountains  increases,  as  shown  by  the  observations  of  those 
who  have  searched  for  a  location  for  a  waggon-road.  Thus  Fremont's 
or  Carson's  Pass,  traversed  by  Fremont  in  1844,  is  nearly  8000  feet 
high,  and  one  from  Sonora,  across  to  the  basin,  is  10,033  feet  in  height. 
Further  south  the  chain  trends  to  the  west,  and  its  altitude  decreases, 
preserving,  however,  its  broken  character.  Here  were  high  ralleys 
wooded  with  oaks  and  covered  with  grass.  This  plateau  is  about  3500 
feet  high,  and  the  passes  from  4000  to  5300. 

In  tbe  Great  Basin  mountains,  the  principal  range  is  known  as  the 
Wahsatch  Mountains,  which  form  the  eastern  rim.  Between  this  and 
the  Sierra  Nevada  there  is  a  constant  succession  of  ridges,  which  are 
short  and  much  broken,  arranged  in  parallel  lines,  and  generally  trend- 
ing north  and  south.  The  general  surface  of  the  Basin  has  an  average 
elevation  of  4500  feet,  and  these  ranges  rise  from  1500  to  3000  feet 
higher.  Midway  between  the  Lake  and  the  Sierra,  swells  up  the 
Humboldt  Mountains,  reaching  an  altitude  of  9000  or  10,000  feet, 
the  summit  of  the  principal  pass  being  6579  feet  high.  He  proposed 
to  call  the  grand  central  chain,  extending  from  the  Andes  to  the  Arctic 
Ocean,  the  Anahuacian  chain,  since  it  might  be  said  to  commence  in  the 
south,  where  it  formed  nearly  the  whole  of  the  table-land  of  Mexico,  or 
Anahuao.  The  second  chain,  traversing  the  two  Califomias,  and  in- 
cluding its  northern  prolongations,  the  Cascade  ranges,  he  thought  a 
more  appropriate  name  could  not  be  found  for  than  the  Califomian 
diain.     For  the  third  group  he  suggested  the  general  appellation  of  the 
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Asteeian  cbaini,  or  Great  Basin  cbaiiia.  These  names  harmonized  with 
the  elegant  general  title  of  Appalachian,  proposed  for  the  AUeghanies 
and  their  extensions  by  the  Messrs  Rogers,  a  name  which  had  now 
passed  into  general  use.  The  two  great  chains  were  each  about  1500 
miles  long  in  the  United  States  territory.  The  Califomian  chain  extended 
along  the  peninsula  800  miles  further  south,  and  the  Anahuacian  be- 
eame  the  table -land  of  Mexico.  The  greatest  breadth  of  surface  covered 
by  these  chains  was  along  the  parallel  of  40  deg.  from  the  meridian  of 
105  deg.  30  min.  to  124  deg.,  or  about  1200  miles.  This,  however, 
includes  the  elevated  table-land  at  the  sources  of  the  Colorado.  The 
breadth  diminished  both  toward  tho  north  and  the  south.  Comparing 
these  two  chains,  we  were  struck  by  their  general  and  close  parallelism 
throughout,  even  the  irregularities  of  one  chain  finding  their  counter- 
parts in  the  other.  The  parallelism  of  the  coast- line  with  the  moun- 
tains was  also  interesting,  the  coast-line  being  formed  principally  by 
erosion,  and  not,  as  our  Atlantic  sea-board  is,  by  deposition.  One  of 
the  most  important  characteristics  of  these  chains  was  the  great  number 
of  ridges  of  which  they  consisted.  These  ridges  were  not  ranged  ex- 
actly side  by  side ;  they  generally  overlapped  each  other.  This  distri- 
bution en  4chilon  was  not  a  new  feature ;  it  was  found  in  the  Appala- 
chians, and  was  one  of  the  results  of  the  earth*8  contraction,  which, 
according  to  the  theory  so  ably  sustained  in  this  country  by  Professor 
Dana,  was  the  cause  of  the  great  plications  of  the  crust.  This  overlap- 
ping was  very  well  shown  in  the  Coast  Mountains  of  California,  where 
the  ranges  reached  the  coast  successively  from  tho  south  northward. 
The  Bay  of  Monterey  is  included  between  the  end  of  the  projection  of 
one  ridge  into  the  ocean  at  Point  Pinos,  and  the  side  of  another  which 
ends  much  further  north.  This  parallelism  and  overlapping  of  the 
ridges,  aa  in  the  Appalachians,  show  that  forces  similar  to  those  which 
formed  the  Appalachian  chain  have  been  here  exerted  on  a  much 
grander  scale.  Instead  of  one  chain  we  have  several,  each  rivalling  the 
AUeghanies  in  extent  and  altitude.  The  folding  of  the  rocks  is  not 
only  inferred  from  the  topography  of  the  ranges,  it  has  been  found  in 
the  Sierra  Nevada  and  Coast  Mountains  of  the  Califomian  chain,  as 
well  as  in  the  chains  of  the  Great  Basin.  We  cannot  contemplate  the 
peculiar  relations  of  the  principal  chains,  as  exhibited  in  the  map,  with- 
out recognising  the  result  of  the  action  of  two  opposing  forces.  If  we 
conceive  the  principal  lines  of  flexure  to  be  meridional,  north  and  south, 
the  folding  may  be  referred  to  a  force  of  contraction,  acting  in  east  and 
west  lines,  and  this  may  be  termed  the  equatorial  contraction.  The 
trends  of  the  ranges  show  also  the  action  of  force  in  another  direction, 
or  from  north  to  south ;  a  polar  contraction,  to  which  the  sudden  bends 
in  the  long  chains  of  mountain  may  be  referred.  These  bends  are 
found  in  the  Sierra  Nevada,  east  of  the  Bay  of  San  Francisco,  in  its 
southern  portion,  where  it  curves  gradually  round  to  the  south-west ; 
and  in  the  Bernardino  Sierra  trending  at  nearly  right  angles  to  the 
Sierra  Nevada.  Parallel  deflections  are  found  in  the  Anahuacian  chain 
in  the  Wind  River  range,  and  again  they  are  seen  in  the  Wahsatch 
range  of  the  Azteoian  chains.  Thus  all  the  long  chains  are  bent,  as  if 
by  compression,  upon  the  ends ;  and  the  action  of  a  force  exerted  at  right 
angles  to  the  force  which  has  produced  the  prevailing  meridional  folding 
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is  clearly^  shown.  It  is  most  probable  that  this  force  has  acted  in  north 
and  south  lines,  and  we  may  term  k  the  polar  force  or  oontraction. 
The  OTerlapping  of  the  ridges  and  ranges  is  another  evidence  of  thii 
polar  oontraction ;  for  we  see  that  it  is  nothing  more,  to  speak  in  gene* 
ral  terms,  than  the  sliding  of  portions  of  the  range  upon  themseWes^ 
at  least  the  appearance  presented  is  the  same,  although  there  is  perhaps 
no  actual  break.  We  may  also  refer  the  great  north-west  and  north-> 
east  trends  to  the  interference  of  this  polar  force  or  resistance, — either 
producing  the  same  result  with  the  equatorial  contraotion, — the  <^i^gAlf^ 
trends  being  the  resultants  of  the  two  forces. 


The  Proceedings  of  the  Royal,  Royal  Physical,  and  Botanical  Socie- 
ties are  unavoidably  postponed  for  want  of  space. 

■  ■    ■■■  ....■, 

SCIENTIFIC  INTELLIGENCK 

/ 
ZOOLOOV. 

Die  Schmetterlinge  des  SUdwestlichen  Deutscklande.  Yon  G.  Koch. 
8vo.  Ca88el.  1856. — ^One  volume,  written  entirely  in  German,  and  ap* 
parently  a  useful  work  for  the  local  entomologist. 

Die  MikrosJcopische  Zouna  de$  Septarienthoncs,  VonBermsdorfhei 
Berlin,  Von  Dr  J.  G.  Bobnemann.  8vo,  Berlin.  1856. — The  text 
entirely  in  German,  illustrated  by  ten  beautifully-executed  plates. 

Mr  Yarrell*8  Collections. — MrYarreirs  ichthyological  collections havd 
been  purchased  in  one  lot,  by  Dr  Gray,  for  the  British  Museum,  for  L.126, 
the  New  Museum  at  Oxford  being  the  other  bidder  for  it.  This  collec- 
tion contains  the  type  species  of  the  History  of  British  Fishes  and  those 
described  in  Mr  x  arrell's  papers ;  and  it  is  of  importance  that  they  have 
been  placed  in  the  national  collection,  and  will  thus  become  accessible  to 
those  who  may  wish  to  compare  and  consult  them. 

American  Oology. — "We  have  in  the  press  the  first  part  of  Dr  Brewer^a 
great  work  on  American  Oology.  It  will  include  the  rapacious  birds,  and 
perhaps  the  swallows.  There  will  be  five  quarto  plates  to  this  part ;  all 
the  figures  taken  in  photograph,  from  the  original  eggs,  and  printed  in 
colours.  The  result  is  extremely  beautiful  and  accurate." — {Letter  from 
Dr  Bairdy  SmitJtsonian  Institute,  Washington.) 

Viviparity  and  Ouiparity. — At  the  American  Association  (Albany) 
meeting.  Professor  Agassiz  made  a  communication  on  viviparity  and  ovi- 
parity,  "  on  which  his  researches  in  embryology  have  thrown  great  light. 
At  one  time  it  was  believed  that  those  animals  which  brought  forth  their 
young  alive  had  peculiarities  which  indicated  exelusire  relationship.  The 
progress  of  embiyology  had  proved  that  there  wi^  no  such  relationship, 
and  no  radical  difference  between  viviparous  and  oviparous  animala.  In 
the  family  of  snakes  there  were  Viviparous  and  oviparous  genera.  Tke 
vipers  brought  forth  their  young  alive,  but  they  were  not  on  that  account 
like  quadrupeds.  Among  quadrupeds,  too,  the  marsupials,  when  first 
bom,  were  cxirried  about  by  the  mother,  attached  to  the  nipple,  until  thej 
were  capable  of  being  again  born,  and,  as  it  were,  standing  on  their  own 
legs,  placental  connection  between  mother  and  young  was  of  not  much 
consequence.  Sharks  showed  that ;  some  beine  oviparous,  others  vivi- 
parous, with  or  without  placental  connection.  Yet  the  mode  of  develop- 
ment in  all  was  precisely  the  same,  and  was  a  shark  development. 
There  was  a  nothing  in  it  which  was  allied  to  that  of  birdt.    Tkia  had  m 


Botany.  875 

decided  influence  on  classification.  There  was  no  reason  for  separating 
the  marsupials  from  other  mammals.  In  each  group  and  different  class 
the  relation  between  the  modes  of  development  indicated  the  real  relations 
of  the  animals.  Animals  which  were  developed  in  the  same  manner  were 
sure  to  be  found  in  the  end  to  belong  to  the  same  general  division.  He 
maintained  that  the  distinctions  founded  on  complications  of  structure 
must  be  given  up  for  general  classlficition,  and  confined  to  the  minor  dis- 
tinctions. 

BOTANY. 

On  the  Law  of  Phyllotaxis. — The  following  is  an  abstract  of  a  paper 
on  the  above  subject,  read  at  the  last  meeting  of  the  American  Associa- 
tion, by  Dr  T.  0.  Hilgard  : — The  author  endeavours  to  construct  a  theory 
of  the  cause  of  Phyllo taxis  or  arrangement  of  leaves.    Hitherto,  Phyllo- 
tazis  has  only  been  studied  in  its  mathematical  relations,  and  in  its  analogy 
to  cosmical  or  to  zoological  order.     It  liad  been  shown  that  leaves  not  op- 
posite are  arranged  about  a  stem  always  in   either  two,  three,  five, 
eight,  or  thirteen  rows,  and  that  if  the  bases  of  the  leaves  taken  in  their 
order  of  height  on  the  stem  be  connected  by  a  thread  winding  round  the 
stem,  then  between  any  two  successive  leaves  in  a  row,  tho  thread  winds 
round  the  stem  once  if  the  leaves  arc  in  two  or  three  rows ;  twice,  if  in  ^\q 
rows ;  three  times.  If  in  eight ;  five,  if  in  thirteen,  d:c.  In  other  words,  two 
successive  leaves  on  the  thread  will  be  at  such  a  distance,  that  if  there  are 
two  rows,  the  second  leaf  will  be  half  way  round  the  stem  ;  if  three  rows, 
the  second  leaf  will  bo  one-third  of  the  way  round  ;  if  five,  the  second 
will  be  two-filths  of  the  way  round  ;  if  eight,  three  eighths;  if  thirteen, 
fivo-thirteenths,  &c.     But  the  question  of  Dr  Hilgurd  is,  why  is  this  so  ? 
What  is  the  organic  law  of  development  that  produces  this  result?    If  we 
cannot  anwer  this  question,  can  wc  not,  at  all  events,  throw  some  light 
upon  it,  or  give  some  hint  towards  its  solution  ?     If  we  take  a  fiuwer- 
Btelk  of  the  common  plantain  {Flantctgo  major)  between  the  thumb  and 
fingers,   we  can,  by  twisting  tho  stalk  in  one  direction  or  the  other, 
arrange  its  buds  in  any  number  of  rows  that  the  law  of  Phllyotaxis  per- 
mits, two,  three,  five,  eight,  &c.    As  we  can  thus  pass  from  a  higher  to  a 
lower  number,  or  from  a  lower  to  a  higher,  at  pleasure,  by  simply  twist- 
ing the  stalk,  that  is,  by  introducing  a  constant  disturbance  at  every 
point  of  the  stalk,  it  is  plain  that  tho  mathematicians  will  allow  tho  or- 
ganic law  to  be  founded  either  upon  a  very  high  number  of  rows,  which, 
by  a  Gonhtant  interference,  is  reduced  to  smaller  numbers,  or  upon  a  low 
number,  which  is  modified  into  higher  ones.     The  former  had  been  the 
view  of  Professor  Pierce,  in  his  paper  presented  to  the  Cambridge  meet- 
ing in  the  United  States,  viz.,  that  the  organic  law  of  vegetable  growth 
contained,  as  a  fundamental  constant,  the  surd  towards  wiiich  the  series 
i»  i*  It  fy  &c., ^approximates  ;  and  that  intoTferences  with  it,  constant,  or 
nearly  so,  in  each  botanical  species,  produced  tlie  approximations.    Dr 
Hilgard,  on  the  contrary,  seeks  for  the  germ  of  the  law  of  Phyllotaxis  in 
the  numerical  genesis  of  cells.     Starting  with  a  primal  cell  generating  a 
second,  and  assuming  that  the  second  requires  a  time  to  come  to  maturity, 
during  which  the  primal  cell  recovers  its  powers  and  produces  a  third,  we 
have  a  law  which  gives  the  Phyllotaxian  numbers.     One  cell  generates  a 
gecond,  and  then  a  third.     The  first  and  second  then  simultaneously 
generate  each  one,  which  makes  the  whole  number  Jive,    The  first,  se- 
cond,  and  third  are  then  mature  enough  to  generate  each  one,  which 
make  the  whole  number  eight.     Five  are  then  sufficiently  mature  to  ge- 
nerate each  one  cell,  which  raises  the  whole  nimiber  to  thirteen.    Here, 
then,  is  a  simple  mode  of  conceiving  of  the  genesis  of  cells,  which  gives  us 
at  ozice  the  numbers  that  occur  in  Phyllotaxis,  and  no  others.  But,  we  need 
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also  the  geometrical  element,  the  position  as  well  as  the  number  of  th« 
leaves  ;  and  if  we  can  obtain  it  from  this  same  conception  of  numerical 
genesis  it  will  be  a  strong  confirmation  of  the  theory,  that  this  lies  at  the 
foundation  of  this  organic  law.  Now,  if  we  take  a  rosette  of  the  house* 
leek,  for  example,  and  number  the  leaves  of  the  whorl  in  Phyllotaziaa 
order,  we  shall  find  the  successive  numbers  actually  placed  in  juxtaposi- 
tion to  those  which  in  our  law  of  cell  genesis  would  be  their  parents ; 
that  is,  4  and  5  will  be  placed  at  the  base  of  1  and  2  ;  6,  7»  and  6  at  the 
base  of  1,  2,  and  3,  &c.  This  conception  of  numerical  genesis  fulfils, 
therefore,  the  geometrical  conditions  required,  and  thus  asserts  its  claim 
to  a  fundamental  position  in  any  theory  of  the  organic  law  of  vegetable 
growth.^  fr<gW«*  Annual  of  Scientific  Diicovery!) 

Reproduction  of  Spheroplea  Annuline.-^Cohn  says,  that  the  grains  of 
ohloropkyll  in  this  plant  unite  together  and  form  groups  nearly  equidis- 
tant ;  around  them  a  mass  of  endochrome  collects,  then  the  cell  of  the  plant 
divides  by  partitions  into  distinct  compartments,  each  containing  one  of 
these  groups,  which  assumes  a  star-like  appearance.  The  compartments 
then  become  filled  with  utricles  of  different  sizes  and  forms,  the  chloro- 
phyll disappearing  more  or  less  completely.  Finally,  oi>ening8  take 
place  in  the  membrane  of  the  common  cell  containing  the  utricles.  The 
utricles  or  cellules  bsoonie  filled  with  chlorophyll,  but  in  their  early  state 
they  have  no  proper  membranous  envelope.  In  this  state  they  are  pri- 
mordial spores  fit  for  fecundation.  Spermatozoids  enter  by  the  open- 
ings in  the  mother  cell,  and  move  rapidly  about.  Fecundation  is  efiTected, 
and  after  this  the  spores  become  covered  with  a  proper  integument.  The 
chlorophyll  in  the  fecundated  spores  becomes  first  orange,  and  then  red. 
The  green  filaments  of  the  male  cells  assume  a  reddish  tint,  and  this  sub- 
stance is  resolved  into  spermatozoids.  These  are  detached  from  the  mu- 
cilage which  envelopes  them,  and  move  rapidly  round  the  large  vacuoles 
in  the  mother  cell.  The  spermatozoids  finally  issue  by  openings  from 
the  large  mother  coll. 

On  the  Reproduction  ofOSdogonium, — ^Pringsheim  has  examined  the  re- 
productive process  in  two  genera  of  minute  algse,  CBdogonium  and  Bulbo- 
chaste.  The  greater  part  of  the  cells  of  (Eiogonium  contain  each  a  zoospore, 
provided  anteriorly  with  a  complete  crown  of  cilia.  This  body  (the  zoo- 
spore) is  produced  without  sexual  intercourse.  It  germinates,  and  gives 
rise  to  a  new  plant  in  the  same  way  as  the  bud  does.  Between  the  common 
cells  of  the  plant  occur  other  utricles,  usually  more  swollen,  either  isolated 
or  in  groups.  In  these  are  formed  motionless  spores,  which  are  the  female 
sexual  organs.  In  the  individuals  which  produce  these  female  cells,  as 
well  as  in  others  which  have  no  such  cells,  there  occur  a  third  kind  of 
cell,  shorter  than  the  common  cell  of  the  plant,  and  forming  irregular 
groups.  This  third  kind  gives  birth  to  spermatozoids,  either  at  once  or 
after  the  appearance  of  an  intermediate  production  of  a  special  nature, 
which  becomes  detached  from  the  primoniial  filament,  and  contains  the 
male  sexual  apparatus. 

In  (Edogonium  ciliatumt  a  small  species  found  attached  to  the  leaves  of 
aquatic  mosses,  the  cells  containing  the  male  organs  are  found  towards  the 
anterior  extremity  of  the  filament,  between  the  setiform  terminal  cells 
and  the  upper  female  organ.  In  each  of  these  cellules  there  is  formed  at  the 
expence  of  the  contained  plastic  material  a  single  small  zoospore- like  body 
called  microgonidium.  This,  according  to  Pringsheim,  is  the  antecedent 
or  generator  of  the  male  organs,  and  he  calls  it  an  androspore.  These 
androspores,  furnished  with  a  circle  of  cilia  at  their  anterior  and  transparent 
parts  after  quitting  their  mother  cells,  move  abouf  at  first,  and  then  be- 
come fixed,  in  a  determinate  manner  in  each  species,  either  to  the  female 
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omii  itself  or  in  its  neigbbonrhood.  Pringtbeim  bas  seen  in  CEdogonium 
ciUatum  several  androspores  fix  tbemselyes  on  tbe  surface  of  tbe  female 
organ.    Tbe  female  organ  continues  to  be  dereloped,  wbile  eacb  andro- 
spore  becomes  a  sort  of  compound  cellular  plant.   In  one  part  of  it,  tbe 
spermatozoids  are  formed ;  this  part  may  be  called  the  proper  antberidium. 
The  fixed  androspore  acts  like  a  mother  cell.     The  antberidium,  pro- 
perly so  called,  represents  tbe  secondary  utricle  produced  at  tbe  upper 
part  of  tbe  androspore,  and  the  stalk  of  tbe  antberidium  is  formed  by  tbe 
secondary  inferior  utricle.    Tbe  antberidium  bears  at  its  summit  a  small 
lid»  formed  from  the  upper  part  of  tbe  membrane  of  tbe  androspore.     Tbe 
antberidium,  at  first  unicellular  diyides  into  two  cells,  which  become  tbe  mo- . 
tber-cells  of  tbe  spermatozoids.    The  whole  plastic  contents  of  each  mother- 
cell  are  employed  in  the  formation  of  a  single  spermatozoid  of  considerable 
size.    When  the  spermatozoids  are  mature,  then  tbe  upper  spermatozoid 
raises  slightly  the  lid  of  the  antberidium.     In  the  meantime,  the  female 
organ  is  going  through  a  process  of  development.    When  its  contents  are 
mature,  the  membrane  of  tbe  female  organ  is  ruptured  all  at  once  a  little 
below  its  summit,  tbe  upper  part  (forming  a  sort  of  lid)  and  the  filament 
which  surmounts  it,  are  turned  to  the  side  by  the  swelling  of  the  plastio 
contents.     There  is  thus  a  space  in  one  side  between  the  lid  and  the  lower 
part  of  the  female  organ ;  then  the  mucous  and  colourless  portion  of  the 
endochrome  protrudes  from  the  aperture,  and  its  colourless  cellular  mem- 
brane presents  a  distinct  lateral  opening,  turned  towards  the  antberidium. 
When  the  female  organ  has  undergone  these  and  further  changes  in  its 
contents,  the  lid  of  the  antberidium  is  completely  detached,  and  allows 
the  upper  cuneiform  ciliated  spermatozoon  to  escape.    This  spermatozoon, 
after  moving  around  the  female  organ  for  some  time,  enters  the  opening, 
reaches  the  female  globule  which  is  to  be  fertilized,  and  seems  to  be  ab- 
sorbed in  its  substance ;  after  this  the  female  globular  body  becomes  more 
and  more  definite,  and  finally  becomes  surrounded  by  a  double  mem- 
brane. 

Biography, — Jules  Thurmann  was  bom  at  Neuf-Brisack(Haut-Rhin)  on 
5tb  November  1804.  His  father  died  15  months  after  his  birth,  and  bis 
mother  returned  to  her  native  city,  Porrentrui,  with  her  son,  who  passed 
bis  early  period  of  study  there.  He  afterwards  went  to  Strasburg  and 
remained  there  four  years,  prosecuting  chiefly  the  study  of  mathematics  and 
of  law,  and  receiving  the  degree  of  Bachelor  of  Letters.  He  subsequently 
studied  in  the  Ecole  des  Mines  at  Pau.  He  afterwards  returned  to  Swit- 
zerland, and  studied  for  16  months  at  Constance.  Here  be  devoted  bis  lei- 
sure hours  to  botany  and  geology. 

In  1830  be  returned  to  Porrentrui,  and  continued  to  prosecute  bis 
geological  researches.  In  1831  be  took  an  active  part  in  the  organiza- 
tion of  the  geological  portion  of  the  Museum  at  Strasburg,  and  in  1832 
published  in  the  Memoirs  of  the  Nat.  Hist.  Soc.  of  that  city,  bis  first 
paper,  Sur  Its  ioulcctment  Jurassiqttes.  In  1832,  be  became  a  member 
of  tbe  administration  of  the  College  of  Porrentrui.  He  made  many  im- 
provements in  the  College,  instituted  a  mineralogical  collection,  and  be- 
came professor  of  Mathematics  and  of  Natural  Science.  He  was  one 
of  the  foimders  of  the  Statistical  Society  of  the  Jura  district.  He  pro- 
secuted his  geological  researches  in  the  Jura  Mountains,  and  brought 
bis  theory  as  to  their  elevation  under  the  notice  of  the  Scientific  Associa- 
tion, which  met  at  Stuttgart  and  Soleure  in  1834  and  1836.  He  was  now 
nominated  director  of  the  Normal  School  of  Jura,  was  elected  a  member 
of  tbe  Geological  Society  of  France,  and  presided  at  tbe  meeting  of  that 
Society  held  at  Porrentrui  in  1838.  In  1843  be  resigned  the  direction  of 
tbe  Jura  School  and  retired  into  private  life,  with  the  view  of  prosecuting 
bis  scientific  researches. 
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H§  published  seTcral  Rcientific  papers  in  tbo  Memoirs  of  Societies ;  saeh 
asan  account  of  the  Vascular  Plants  of  Porrentrui, — Observations  on  period- 
ical Phenomena  in  the  Bernese  Jura,  &c.  His  great  work,  however,  waa 
his  *'  Essai  de  Phytostatique  Appliqu4  4  la  Chaine  dc  Jura,"  or  the  Influence 
of  the  subjacent  rocks  on  the  dispersion  of  Vascular  Plants.  In  1853  he 
brought  this  subject  under  the  notice  of  the  Helvetic  Society  of  Sciences 
which  met  at  Porrentrui,  under  his  presidency.  He  continued  his  geo- 
logico-botanical  researches  to  the  close  of  his  life.  He  was  preparing  to 
tale  an  active  part  in  tho  meeting  of  the  Helvetic  Society  at  Chau-de- 
loBde,  when  he  was  attacked  by  cholera,  which  cut  him  off,  24th  July  1855,* 

Botanical  New$. — It  is  expected  that  the  French  government  will  pur- 
chase the  Herbarium  and  M.SS.  of  Jussieu.  The  Herbarium  is  extensive 
and  contains  interesting  notes  by  Jussieu,  as  well  as  by  Lamarck,  Poiret, 
and  others.  The  M.SS.  arc  valuable.  Thej  embrace  among  other  things 
the  journal  of  Gundelkheime,  the  companion  of  Tournefort ;  the  MS.  of 
Tournefort  on  the  Flora  of  Paris,  many  papers  by  the  elder  Jussieu,  and  his 
correspondence  with  Linnaeus,  &e. 

M.  Alphonse  de  OandoUc  is  now  printing  the  Memoir  of  M.  Meisneron 
the  ThyraelaeaceaB  ior  his  Prodromus. 

M.  Cosson  is  continuing  to  publish  his  Flora  of  Algeria,  and  is  about  to 
take  a  fourth  botanical  trip  into  that  country.  He  proposes  to  examine 
the  numerous  oases  of  the  so-called  Desert  of  Sahara.  On  the  mountains 
of  Atlas  at  each  journey  species  have  been  discovered  which  were  sup- 
posed to  be  peculiar  to  Eo:ypt  or  Arabia. 

The  expedition  of  Mr  Richard  to  Higher  Egypt  has  not  as  yet  afforded 
good  results. 

Preservation  of  Timber. — The  Permanent  Way  Company,  26  Great 
George  Street,  Westminster,  are  employing  with  success  Dr  Boucherie's 
method  of  preserving  timber.  Solutions  of  preservative  substances  are 
introduced  by  the  patent  process  into  various  kinds  of  timber,  in  such  a 
way  as  to  expel  the  fermentescible  sap,  and  substitute  matter  less  liable 
to  undergo  destructive  changes.  It  has  been  found  that  sulphate  of 
copper,  dissolved  in  the  proportion  of  at  least  2^  lbs.  to  22  gallons  of 
water,  is  the  best  preservative.  It  is  said  that  white  pine  thus  im- 
pregnated with  sulphate  of  copper,  placed  in  the  ground  as  railway 
sleepers,  or  exposed  to  the  action  of  the  air,  lasts  longer  than  oak  unpre- 
pared placed  in  the  same  situations.  The  Directors  of  the  Chemin  de 
Fer  du  Nord  state,  that  Dr  Boucherie's  process  has  produced  most  satis- 
factory results  as  regards  sleepers  when  completely  prepared.  Those  in 
use  since  1846  were  as  good  in  185.5  as  when  laid  down.  The  sleepers 
are  Beech,  Hornbeam,  Birch,  and  Pine.  The  posts  for  the  telegraphic 
wires  prepared  by  this  process,  have  also  shown  great  durability.  The 
process  thus  appears  to  impart  durability  to  woods  which  are  cheap  and 
abundant. — {Reports  on  Boucheries  Patent;  Permanent  Way  Company,) 

CREMISTRT. 

On  the  Composition  of  the  Phosphate  of  Lime  found  in  WOiten  na^ 
iurally. — The  following  is  a  brief  abstract  of  the  results  obtained  by  Dr 
A.  A.  Hayes  in  his  experiments  on  the  subject. 

Where  bones  immersed  in  water,  either  pure  or  saline,  are  exposed  to 
the  temperature  of  80°  F.,  a  fermentative  decomposition  of  the  tissues  of 
the  bones  commences  and  continues  for  some  time.  The  gases  evolved 
are  mixed  with  tho  acids  and  ethers  usually  produced  in  the  decomposition 
of  muscle,  and  the  sulphur  compounds  are  also  present,  air  being  fireelj 

*'  Actes  de  la  Soci£t6  Helvetiqae  des  Soienoes  Natnrelles,  IQiSS. 
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•dmitted.  The  fat-oells  of  the  tisaues  become  brolcen,  fats  and  oils  are 
separated,  while  a  saperficial  breaking-up  of  the  structare  of  the  bone 
occurs  ;  translucent  bones,  like  fish  bones,  become  more  opaque,  and  an 
eTident  chemical  change  of  composition  advances. 

The  water  .becomes  grajish  in  colour  from  suspended  matter,  and  con- 
tains the  whole  series  of  acids  known  to  attend  organic  decomposition  in 
]presence  of  azotized  compounds,  but,most  remarkably,  it  is  alkaline  in  its 
action  on  test  papers.  At  a  certain  stage  of  the  action,  no  ammonia  %$ 
present  a%  a  bate.  The  fluid  either  frompure  water,  or  saline,  or  sea- 
water,  will  bear  heating  to  200°  F.,  and  a  coagulation  of  albumipous  com- 
pounds  ensues,  the  fluid  remaining  alkaline. 

Tested  for  bone  phosphate  of  lime,  this  salt  is  found  to  be  present  in 
the  same  proportion  as  we  find  dissolved  from  recent  bone  by  warm  water 
digestion,  and  without  further  examination  the  case  might  be  passed  as 
one  of  simple  solution  of  bone  phosphate  in  a  gelatinous  solvent. 

If  an  excess  of  ammonia  be  used  tp  separate  the  bone  phosphate  dis- 
solved, and  a  moderate  heat,  or  even  boiling,  be  resorted  to,  the  whole  of 
the  bone  phosphate  can  be  separated,  leaving  a  clear  fluid,  which,  thus 
deprived  of  most  of  its  organic  matter,  readily  passes  the  filter. 

On  adding  to  this  filtered  solution  an  ammoniacal  solution  of  lime,  an 
instant  abundant  precipitation  of  a  hydrated  salt  takes  place  to  such  an 
extent  that  the  whole  fluid  becomes  a  jelly  in  consistency.  This  salt  is 
principally  bone  phosphate  of  lime,  crenate  of  lime  being  present,  besides 
other  organic  salts  of  lime. 

The  phosphoric  acid  thus  separated  from  the  bone  in  putrefaction, 
leaves  the  lime  base  in  the  presence  of  arsenic  and  other  organic  acids, 
for  the  carbonic  acid  to  unite  with  and  form  carbonate  of  lime,  at  the  same 
moment  phosphoric  acid  dissolves  in  the  fluid  without  preventing  an 
alkaline  re-action. 

Recently  prepared  bone  phosphate  of  lime  can  be  decomposed  by  a  cur- 
rent  of  carbonic  acid  in  pure  water ;  the  bicarbonate  of  lime  separates 
partly  as  carbonate  and  partly  remains  in  solution.  Ammonia  causes 
bone  phosphate  to  fall,  but  the  filtrate  contains  much  phosphoric  acid, 
-which  is  uncombined  with  an  earthy  base. 

The  fluid  which  dissolves  phosphoric  acid  from  the  bone,  also  holds  a 
•mall  quantity  of  bicarbonate  of  lime  in  solution,  but  the  alkaline  action 
is  not  wholly  due  to  the  presence  of  this  compound.  It  Appears  that  a 
portion  of  protein  or  other  animal  organic  base  holds  the  phosphoric  acid 
engaged  at  the  moment  of  its  separation. 

In  two  cases  of  poisoning  by  phosphorus,  which  were  chemically  ex- 
amiued  by  Dr  Hayes,  the  contents  of  the  stomach,  and  even  the  parts  of 
ibe  tissues,  altered  by  toe  phosphorus  were  strongly  alkaline.  Both  cases 
«fibrded  a  compound  in  which  the  phosphorus  as  phosphoric  acid  was  in 
union  with  organic  matter. 

This  elimination  of  phosphoric  acid  in  the  progress  of  putrefactive  fer- 
mentation,  explains,  as  had  been  done,  the  formation  of  rock  guano.  It 
ahows  us  how  readily  bones  give  to  sea  water  and  other  waters  their  pUbs.> 
phoric  aeid.    In  connection  with  physiology,  the  experiments  show  that 

Shosphoric  acid  may  exist  in  the  tissues,  although  the  compound  be  alkar- 
ne  or  neutral,  and  that  a  phosphate  may  pass  away  or  be  so  placed  withr 
ont  the  disturbance  which  might  have  been  expected. 

Wohler  lias  more  recently  shown  the  solubility  of  bones  in  water,  but 
it  is  possible  the  beautiful  decomposition  here  described  may  have  escaped 
Jus  attention. — ( Wells*  Annual  of  Scientific  Discovery,) 

Tests  of  Strychnine  and  Brucine. — ^Extract  Letter  from  Dr  Traill  to 
Professor  Balfour. — Among  yo«r  articles  of  intelligence  you  may  add,  at 
a  tequel  to  my  remarks  on  strychnine,  what  was  unfortuaately  omitted  in 
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that  eomiiiunication«  that  hrucine^  the  alkaloid  most  nearW  allied  to 
ttrjchnine,  is  easily  distinguished,  bj  the  test  of  chloride  of  gold  added  to 
the  acetates  of  both.  With  that  test  strychnine  gives  a  copious,  rich, 
gamboge-yellow  precipitate;  but  with  brucine  there  is  no  precipitate 
whatever,  and  the  mixture  assumes  a  deep  reddish-Tiolet  colour. 

The  most  delicate  test,  however,  of  strychnine  is  Dr  Marshall  Hall's, 
the  limbs  of  a  frog,  which  are  tlm>wn  into  violent  convulsions  by  the 
smallest  atom  of  strychnine. 

A  New  Oun  Cotton, — A  correspondent  of  the  American  Journal  of 
Pharmacy  (Mr  Caldwell)  describes  a  new  kind  of  gun  cotton,  which  is  made 
as  follows : — Newly  prepared  gun  cotton  is  placed  in  a  saturated  solution 
of  chlorate  of  potash,  and  allowed  to  remain  for  fifteen  minutes.  It  is 
then  gently  pressed  between  folds  of  clean  linen  rag,  and  dried  over  a  heat 
of  150  degrees.  The  cotton  thus  prepared  explodes  much  quicker,  and 
more  like  fulminating  silver,  than  the  ordinary  gun  cotton.  From  some 
experimental  shots  the  result  was  as  follows: — A  pistol  loaded  with  nine 
grains  by  weight,  of  the  ordinary  cotton,  sent  a  ball  about  half  through  a 
yellow  pine  door  one  inch  thick,  at  the  distance  of  twenty  feet.  It  was 
then  filled  with  two  grains  of  the  cotton,  treated  with  chlorate  of  potash, 
when  the  pistol  was  shattered  to  pieces.  Another  pistol  was  loaded  with 
one  grain  of  the  cotton,  when  the  ball  passed  entirely  through  the  door, 
makLig  a  perfectly  smooth  perforation. 

GBOLOOT. 

Kidderminster  Depottts. — We  have  received  information  from  the  Pre- 
sident of  the  Malvern  Natural  History  Field  Club  (Rev.  W.  S.  Symonds), 
that  the  equivalents  of  the  Caithness,  Lesmahagow,  Kington,  and  Ludlow 
tile  stoneS;  or  transition  beds  between  the  Ludlow  and  Old  Red  Sandstone 
deposits,  have  been  lately  discovered  by  Mr  G.  £.  Roberts,  of  Kidder> 
minster,  three  miles  north  of  that  town.  The  organic  remains  are  most 
abundant.  The  Pterygotus  and  Eurypterus  are  found  in  the  same  bed 
with  Cephalaspis  Lyellii,  and  are  associated  with  beautiful  specimens  of 
molluscan  or  crustacean  spawn,  probably  the  latter.  Terrestrial  plants, 
apparently  allied  to  Equisetum,  are  imbedded  with  the  fossil  seed-vessels 
of  ijycopodiacesp,  determined  by  Dr  Hooker  from  the  bone  bed  of  Ludlow, 
with  many  other  fossils  yet  to  be  described.  The  persistence  of  this  bed 
throughout  so^arge  an  area  is  yery  extraordinary. 

Generalities  of  the  Geology  of  Northern  California  and  Oregon. — ^At 
the  Albany  meeting  of  the  American  Association,  Dr  Newberry  gave  a 
general  view  of  the  geology  of  Oregon  and  that  part  of  California  lying 
north  of  San  Francisco,  and  of  the  age  and  structure  of  the  three  ranges 
of  mountains  which,  ho  said,  gave  character  to  the  topography  of  the  Far 
West,  and  of  the  Tolleys  which  lie  between  them.  These  "  Talleys,"  he 
said,  were  rather  plains  or  plateaux  than  yalleys.  The  Sacramento  Valley 
was  a  plain  lying  between  the  Coast  Range  and  Sierra  Nevada — ^for  the 
most  part  destitute  of  trees — ^through  which  the  river  ran  with  tortuous 
course,  like  a  brook  in  a  meadow.  In  the  lower  part  of  the  Sacramento 
Valley  there  were  no  rocks  older  than  tertiary ;  out  at  the  head  of  the 
Talley  he  had  found  the  carboniferous  limestone,  clearly  marked  by  its 
oharacteristic  basalts,  on  which  were  lying  the  cretaceous  and  tertiary 
strata,  precisely  as  on  the  Upper  Missouri. 

Crossing  the  volcanic  spur  of  the  Sierra  Nevada  connecting  Mount 
Shasta  with  that  great  chain  of  mountains,  he  had  descended  into  the 
Klamath  Basin,  which  he  said  formed  an  appendage  to  the  great  basin  of 
the  Salt  Lake,  and  was  a  plain  somewhat  cut  by  subordinate  ranges  of 
mountains,  lying  at  a  considerable  elevation,  and  oontaining  a  large  num- 
ber of  lakes,  of  which  the  Klamath  were  the  most  important.     This  basin 
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was  drained  throngli  the  canons  of  Pit  river,  the  Jargest  tributary  &t  the 
Sacramento,  which,  like  the  Klamath  river,  had  forced  its  war  through 
the  mountain  ranges  which  lay  between  the  basin  and  the  sea;  Pit  River 
flowing  through  an  impassable  canon  nearly  an  hundred  miles  in  length. 
The  Klamath  basin  was  once  to  a  much  greater  extent  covered  by  water 
than  now ;  and,  before  it  was  so  perfectly  drained  as  now,  its  waters  depo- 
sited a  variety  of  strata,  some  of  which  were  as  white  and  fine  as  chall:, 
though  having  a  very  different  composition. 

He  said  further,  that  the  basin  or  plateau  of  the  Des  Chutes  was  not 
separated  by  any  barrier  from  that  of  the  Klamath  lakes,  and  exhibited 
all  its  peculiar  features  still  more  strongly  marked.  The  Des  Chutes  basin 
was  a  plateau  lying  between  the  Cascades  and  the  Bine  Mountains,  and, 
with  the  Klamath  basin,  belonged,  from  its  topography,  geology,  fauna, 
flora,  and  climate,  to  the  great  central  basin.  LCke  the  Klamatn  basin  it 
was  once  covered  with  water-*was  a  lake  drained  by  the  Columbia,  as  now, 
bat  not  so  perfectly  drained.  The  Columbia  had  been  gradually  deepen- 
ing its  bed.  The  Des  Chutes  lake,  as  it  then  was,  had  dejposited  sedi- 
ments to  the  depth  of  2000  feet  or  more,  for  the  streams  which  now  tra- 
verse it  have  cut  canons  in  this  plateau  to  that  depth.  These  sediments 
were  covered  by  a  floor  of  trap,  which  had  been  poured  evenly  over  the 
whole  surface— which  had  not  been  subsequently  disturbed,  and  when 
broken  open,  exhibited  a  columnar  structure — ^the  columns  beins  quite 
perpendicular,  and  sometimes  one  hundred  feet  in  height.  Below  the  trap 
Was  a  series  of  strata  exhibiting  all  possible  varieties  of  volcanic  tufa,  some 
very  fine  and  chalky,  others  coarser  ;  and  the  diflerent  layers,  which  were 
from  two  to  ten  feet  in  thickness,  and  perfectly  parallel,  were  coloured 
with  all  the  hues  of  the  rainbow — red,  green,  yellow,  blue,  orange,  pink, 
white,  &c.,  and  as  highly  coloured  as  a  geological  chut  for  a  lecture-room. 
It  had  often  happen^  to  him,  travelling  over  this  plateau,  to  come  sud- 
denly and  without  any  warning  to  the  brink  of  one  of  these  canons  two 
thousand  feet  deep,  at  the  bottom  of  which  a  stream  was  flowing. 

The  Cascade  Mountains,  he  said,  were  not  a  simple  chain,  hut  a  broad 
belt  of  mountain  peaks,  sometimes  fifty  miles  or  more  in  width,  many  of 
the  summits  being  covered  with  perpetual  snow,  the  passes  being  generally 
about  7000  feet  in  height.  He  had  found  extensive  proofs  of  the  existence, 
at  a  former  period,  of  glaciers  capping  the  Cascade  range,  aixd  extending 
far  below  the  present  limit  of  perpetual  snow.  The  Cascade  range  was 
eminently  volcanic,  abounding  in  craters,  lava  fields,  and  congeal^  lava 
streams,  all  as  fresh  and  ragged  as  though  just  poured  out  from  some  vol- 
cano ;  indeed,  Mount  Hood  and  Mount  St  Helens  may  still  be  considered 
as  active  volcanoes,  giving  oif  gases  and  steam  continually,  and  within  a 
a  few  years  have  emitted  showers  of  ashes. 

Professor  Newberry's  theory.of  the  excavation  and  filling  of  the  valleys 
of  California  and  Or^n  was,  that  at  one  time,  probably  at  a  period  cor- 
responding  with  that  of  the  drift  in  the  Eastern  States,  all  that  portion 
of  the  continent  was  raised  to  such  an  altitude  as  to  produce  a  degree  of 
cold  which  covered  the  mountains  and  filled  the  valleys  with  ice.  By  this 
ice  the  surfaces  of  rocks  were  worn  down,  and  the  marks  of  glacial  action 
which  now  abound  produced.  The  valleys  were  excavated  in  part  by  this 
process.  As  the  continent  was  depressed  the  valleys  were  occupied  by 
'Water,  in  which  the  ashes  from  ranges  of  active  volcanoes  were  disohargea, 
and  arranged  in  strata  of  sediment. — (Wells'  Annual.) 

On  the  DUewwy  of  Volccmic  Cinders  at  the  bottom  of  the  Atlantic, 
— *The  specimens  from  the  bottom  of  the  Atlantic  obtained  by  the  U.  9. 
steamer  Arctic,  in  her  recent  deep-sea  sounding  expedition,  between  the 
coasts  of  Newfoundland  and  IreUmd,  having  been  submitted  to  microsco- 
pical examination  by  Professor  Bailey  of  West  Point,  show  evidence  of  the 
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ezift^nce  of  «  Tolcanlo  deposit  on  certain  portions  of  tbe  ooean-bed.  In  re- 
ference to  these  Professor  Bailej  says  : — The  occurrence  of  what  appear  to 
be  Tolcanic  prodacts  in  the  bed  of  the  ocean  for  a  distance  of  about  twenty- 
two  degrees  of  longitude,  or  about  1000  miles,  is  an  extraordinary  fact» 
and  one  which  deserves  careful  scrutiny.  That  any  one  familiar  with  the 
microscopic  appearance  of  Tolcanio  ashes,  &e.,  would  pronounce  these 
matters  to  be  of  Tolcanic  origin  I  hare  no  doubt.  These  volcanic  pro- 
ducts consists  of  pumice,  obsidian,  crystals  of  homeblende — single  and  in 
groups  and  other  igneous  products  penetrated  by  crystals.  As,  how- 
ever, the  ingenious  suggestion  was  made  to  me  that  these  igneous  pro- 
ducts might  be  derived  from  the  fires  of  the  ocean  steamers,  along  or  near 
whose  pathway  these  soundings  were  made,  it  became  important  that  these 
furnace  products  should  also  be  studied.  An  examination  was  accordingly 
made  of  specimens  of  such  matters  as  are  thrown  overboard  from  the  ashpits 
of  the  steamers  Asia  and  Baltic.  Careful  examination  of  the  specimens 
showed  that  they  contained  a  group  of  products  which  oould  not  possibly 
be  confounded  with  the  supposed  volcanic  matters.  In  fact,  there  was 
no  relation  between  the  two  classes  of  bodies,  except  that  both  were  evi- 
dently the  results  of  intense  heat  upon  different  mineral  matters.  Among 
the  nimace  products  of  the  steamer  Baltic  were  numerous  single  and 
aggregated  glass  spheres  of  minute,  or  even  microscopic  size,  which,  if 
they  should  ever  be  found  in  the  ocean  soundings,  would  be  Yerj  puz- 
zling without  this  clue  to  their  origin.  The  question  of  the  original 
source  of  these  volcanic  products  is  one  of  great  interest.  How  far  these 
plutonic  tallies  may  have  travelled,  and  in  what  direction — ^whether  from 
the  Azores,  the  Mediterranean,  or  from  Iceland — involves  a  study  of 
currents  and  an  examination  of  soundings  which  have  yet  to  be  made.— 
(WelU*  Annual) 

Deep-Sea  Soundings  in  the  Arctic  Ocean.^^From  a  recent  report  of 
Lieutenant  Maury  to  the  Secretary  of  the  Navy,  we  derive  the  following 
extract  relative  to  some  observations  made  last  year  by  Commodore  Rodgers, 
inthe  U.  S.  ship  Yincennes,  on  the  temperature  and  specific  gravity  of 
the  water  at  the  surface,  midway,  and  at  the  bottom  of  the  Arctic  OceAn. 
These  observations  are  highly  interesting.  He  passed  up  through 
Behring*s  Straits  into  that  sea  during  the  summer  of  1855,  and,  though 
he  remained  in  it  but  a  few  days,  he  availed  himself  of  the  opportunity 
to  try  the  temperature  and  specific  gravity  of  the  water  at  yarious  depths 
and  places ;  and  his  observations  show  uniformly  this  arrangement  or 
stratification  in  the  fluid  mass  of  that  ocean — ^warm  and  light  water  on 
top,  cold  water  in  the  middle,  and  warm  and  heavy  water  at  the  bottom. 
These  observations,  if  extended,  would  go  far  towards  the  final  settle- 
ment of  the  question  of  an  open  sea  in  the  Arctic  Ocean.  It  is  likely  that 
this  warm  water  went  in  as  an  under  current ;  that  though  warmer  it 
was  Salter,  and  for  that  reason  it  was  heavier.  It  was  made  Salter,  we 
conjecture,  by  evaporation ;  and  while  it  was  subjected  to  this  process  it 
was  in  some  latitude  where  it  received  heat  while  it  was  giving  off  fresh 
water  vapour.  This  substratum  of  heavy  water  was  therefore  probably 
within  the  tropics  and  at  the  surface  when  it  received  its  warmth.  Water, 
we  know,  is  transported  to  great  distances  by  the  under  currents,  of  the 
sea  without  changing  its  temperature,  but  a  few  degrees  by  the  way. 
Beneath  the  Gulf  Stream,  near  the  tropic  of  Cancer,  and  in  the  month  of 
August,  with  the  surface  of  the  ocean  above  80  degrees,  the  deep-sea 
thermometer  of  the  Coast  Survey  reports  a  current  of  cold  water  only  3 
degrees  above  the  fireezing  point.  That  cold  current,  or  the  water  that 
it  bore,  must  certainly  have  come  from  the  Polar  regions. 

We  know  of  numerous  currents  flowing  out  of  the  Polar  basin ,  and  dis- 
charging immense  volumes  of  water  into  the  AtLmtic ;  we  know  of  but 
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one  snrfSace  current,  and  that  a  feeble  one,  around  the  North  Cape,  that 
goes  into  this  basin.  All  these  out-eomlng  eurrentt  are  salt-water  cur- 
rents ;  therefore  we  cannot  look  for  their  genesis  to  the  rivers  of  hyper- 
borean America,  Europe,  and  Asia,  and  the  precipitation  of  the  I^olar 
basin— «for  all  the  water  from  these  sources  is  fresh  water.  The  salt  that 
these  upper  currents  bring  out  is  sea-salt ;  hence  we  should  be  forced  to 
conclude,  were  there  no  other  evidence  to  warrant  the  conclusion,  that 
there  must  be  one  or  more  under-currents  of  salt  and  heavy  water  flowing 
into  the  Arctic  basin.  A  considerable  body  of  water  at  the  temperature  of 
40  degrees  rising  to  the  surface  there— as  come  to  the  surface  it  must,  in 
order  to  supply  the  out-going  upper  currents — would  tend  mightily  to 
mitigate  the  severe  cold  of  those  hyperborean  regions. 

This  discovery  of  Rodgers  furnishes  the  only  link  that  seems  to  have 
been  wanting  in  the  chain  of  reasoning  to  complete  from  known  facts  the 
theory  of  an  open  water  m  the  Arctic  ocean  ;  and  this  discovery,  taken  in 
connection  with  what  northern  voyagers  tell  us  concerning  the  migration 
of  animals  in  those  regions ;  with  what  Dr  Kane  saw  and  De  Haven  says ; 
with  the  fact  that  harpoons  fastened  in  whales  on  the  shores  of  Greenland 
have  been  taken  out  of  whales  along  the  shores  of  Eamtschatka  and 
Japan — these  facts,  taken  in  connection  with  the  discovery  which  my  own 
researches  have  fully  developed,  that  the  right  whale  of  Greenland  and 
the  right  whale  of  the  North  Pacific  are  the  same  fish,  and  that  to  it  the 
torrid  zone  is  as  a  sea  of  flame  which  it  cannot  pass ;  I  say  these  facts, 
linked  together,  and  taken  in  connection  with  other  facts  and  circum- 
flitanoes,  seem  to  form  a  chain  of  faultless  circumstantial  evidence,  showing 
the  existence  of  an  open  water  in  the  Polar  basin. — {Wells'  Annual.) 

On  the  Chilf  Stream  and  its  Deposits. — When  the  stream,  in  sweeping 
round  the  point  of  Florida,  had  parted  with  so  much  of  its  sediment  as  to 
bring  the  bottom  within  60  or  70  feet  of  the  surface,  it  became  possible 
for  the  coral  to  exist,  provided  it  could  find  water  of  sufficient  purity. 
This  would  be  the  case  at  any  point  so  far  from  the  shore  as  to  be  beyond 
the  influence  of  the  surFs  disturbance  of  the  mud  deposited  along  the 
coast.  As  the  bottom  formed  by  a  deposit  is  necessarily  situated  on  a 
slope,  the  coral  would  find  a  line  parallel  to  the  shore,  along  which  none 
of  the  conditions  of  its  existence  would  be  wanting.  This  Une  would  be 
that  of  a  reef.  Did  not  the  island  of  Cuba  interpose,  this  extension  of 
Florida  might  go  on  indefinitely ;  but  as  the  passage  narrows,  the  force  of 
the  current  necessarily  increases,  and  there  is  therefore  no  hope  that  in 
this  manner  Cuba  will  be  annexed.  The  laws  regulating  the  deposition 
of  sediment  also  afford  an  explanation  of  the  long  parallel  ridges  on  the 
sea-bottom  of  the  coast  of  South  Carolina,  in  the  bed  of  the  Gulf  Stream. 
Suppose  that  two  or  three  submei^ed  peaks,  in  the  line  of  the  Bahama 
Islands,  stand  within  the  stream.  Behind  these  peaks  there  must  be  still 
waters,  or  at  least  an  eddy.  Here  matter  will  be  deposited  by  the 
waters,  and  this  will  in  turn  offer  an  obstacle  which  will  continue  to  cause 
the  effect  further  and  further  away  from  the  original  point.  Again,  while 
the  Gulf  Stream  is  moving  in  a  curve  around  the  pomt  of  Florida,  nearly 
all  its  deposits  will  be  made  on  the  river  side  ot  the  curve,  that  is  upon 
this  point ;  but  after  passing  into  the  open  sea^  it  takes  a  straight  course 
and  begins  to  deposit  on  both  sides  alike.  Hence,  by  this  theory,  the 
origin  of  the  Bahama  Banks.  Another  very  curious  result  of  all  this 
reasoning  remains  to  be  mentioned.  As  the  limits  of  a  channel  narrow, 
the  current  necessarily  increases  its  velocity.  The  heat  of  a  warm  current 
is  therefore  retained  to  a  far  greater  distance  from  the  point  of  departure. 
It  is  well  known  that  the  Gulf  Stream  affects  favourably  the  climate  of 
the  north-western  portions  of  Europe.  There  is  nothing  then  absurd  in 
the  idea  that  during  the  decrease  of  the  breadth  of  Uie  Gulf  Stream 
between  Cuba  and  the  main  land  opposite,  a  decrease  of  hundreds  of  miles, 
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the  temperatuxe  of  the  water  canied  aerost  the  oeean  to  the  ooavis  of  Ire- 
land, Sootluid,  aad  Norway,  has  been  oonstantlj  rising,  and  that  from 
this  cause  an  increasing  amelioration  of  the  climate  of  that  part  of  the 
^tem  continent  has  resulted. 

MISCBLLAHSOVt. 

Pre$ent  Annual  Production  of  Iron. — Mr  Hewitt  of  New  York,  in  a 
paper  recently  presented  to  the  Geographical  and  Statistical  Society,  fur- 
nisned  the  following  memoranda  respecting  the  production  and  manufac- 
ture of  iron.  Cast  iron  can  only  be  traced  back  to  the  13th  oentuij.  Pre- 
Tiously,  the  ore  and  charcoal  were  placed  in  alternate  layers  in  a  rude 
OYen,  and  there  smelted  by  a  blast  injected  by  a  bellows  worked  by  hand. 
Even  so  late  as  1740  the  total  annual  product  of  England  was  but  173^ 
tons,  made  by  59  furnaces,  at  the  rate  of  294  tons  per  annum  to  each  fur- 
nace— say  one  ton  per  furnace  for  each  working  day.  Mr  Hewitt  esti- 
mates the  entire  annual  product  of  Europe  at  that  time  at  100,000  ton8» 
60,000  of  which  were  made  in  Sweden  and  Russia,  and  on^half  of 
this  quantity  exported  to  England.  The  total  consumption  of  iron 
in  England  at  that  day  (only  116  years  ago,  or  since  the  birtn  of  some  per- 
sons  yet  living)  was  not  15  pouncu  per  head  per  annum,  and  that  of  all 
Europe  but  two  pounds  per  head*  The  whole  human  race  did  not  then 
annually  require  or  produce  so  much  as  one  pound  of  iron  per  head.  Now 
Mr  Hewitt  produces  data  showing  an  annual  production  of  seoenteen 
pounds  per  head  for  the  whole  human  family,  or  seven  millions  of  tons  in 
the  aggregate,  of  which  Great  Britain  produces  rather  more  than  one-half, 
and  consumes  at  least  ono-fourth.  The  total  product  of  1856  is  estimated 
by  Mr  Hewitt,  from  imperfect  data,  as  follows : — 

Tons.  Tons. 

Great  Britain 3,585,000  United  SUtM 1,000,000 

Franoe  650,000  Pruasia  600,000 

Belgiom    255,000  Germany  (bal.  of) 200,000 

Ruflria  900,000  Austria 200,000 

Sweden  and  Norway 179,500  Spain 27,000 

Italy  andElba 72,000  Denmark,  &o 20,000 

Total 6,889,000  tons. 

Asia,  Africa,  and  America  outside  of  the  United  States,  may  possibly 
raise  this  aggregate  to  7,000,000  tons. 

The  annual  production  and  consumption  of  the  several  countries  is  esti- 
mated as  follows : 

Prodaee  Consume 

per  head,  lbs.  per  head,  Iba. 

Great  Britain 287        144 

United  States 84        117 

Belgium  136        70 

•  France 40        60 

Sweden  and  Norway 92        30 

Germany,  ineluding  Prussia 50       50 

Anstria 12J      15 

Russia ! 10       10 

Switserland —       22 

SpiUn   4}      5 

The  rest  of  the  world  too  little  to  be  computed. 

The  intimate  relations  of  iron  to  industrial  progress  and  efficiency,  as 
exhibited  by  this  table,  need  here  only  be  suggested. 

Height  of  the  Himalaycu, — ^It  appears  from  a  late  surrey  made  of  the 
Himalaya  range,  by  Colonel  Waugh,  that  the  Elhanchinjinga,  which  has 
been  hitherto  supposed  to  be  the  highest  summit,  is  in  fact  not  so — a 
higher  mountain  haying  been  discovered,  situated  between  Katamandoo 
and  Khanchinjinga.  This  last  named  is  28,156  feet  above  the  level  of 
the  sea  ;  but  the  new  summit  reaches  the  enormous  height  of  29,002  feet. 
It  has  been  proposed  to  call  this  Mount  Everest,  after  a  former  surveyor- 
general  of  India. 
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New  Farm  of  TV^MCop^.— At  the  American  AjBaociation  for  tlie  Promo- 
tion of  Science,  Mr  Alvaa  Clarke,  of  Cambridge,  gare  a  description  of  a 
new  instrument  of  his  own  invention,  for  mei^uring  the  distance  apart  of 
stars  too  distant  to  be  brought  into  the  field  of  view  of  a  telescope.  With- 
in a  year  from  the  first  thought  of  the  instrument  entering  his  mind,  he 
had  built  a  telescope  of  six  inches  aperture,  and  103  inches  focal  length, 
mounted  it  equatorially,  goyeming  its  motion  by  Bond's  spring-goTemor 
dock,  provided  the  two  eye-pieces,  and  as  a  substitute  for  a  filar-micro- 
meter, arranged  a  mode  of  using  pieces  of  glass  ruled  with  a  ruling  ma- 
chine. Experiments  have  demonstrated  the  feasibility  of  using  the  two 
eye- pieces  in  this  way,  and  of  obtaining  by  them  yery  accurate  measures 
of  the  distances  of  stars,  which  are  from  thre^^  one  hundred  minutes  of 
space  apart  The  success  of  the  instrument  was,  however,  greatly  due  to  the 
spring-governor  which  keeps  each  star  upon  the  wire  accurately  bisected. 

Mr  YarrelV9  Ltbrary, — ^In  our  last  number  we  had  occasion  to  notice 
the  decease  of  an  old  and  esteemed  friend,  William  Yarrell.  Leaving  this 
world  without  having  any  one  who  would  carry  out  and  reciprocate  his 
own  pursuits,  his  comparatively  small  but  peculiar  library  was  disposed 
of  at  Stevens'  sale-rooms  on  13th,  14th,  and  15th  of  November.  The 
number  of  the  whole  lots  for  the  three  days  only  amoimted  to  772,  but  the 
sale  did  not  conclude  until  past  5  on  Saturday  evening.  Many  of  the 
books  brought  high  prices.  The  following  are  those  of  a  tew,  which  in 
after  days  may  be  a  curious  record  of  the  value  and  estimation  of  some 
works.  Doubtless  some  were  purchased  as  memorials  of  an  old  friend 
and  companion. 

Macgillivra/s  Natural  History  of  Dee-Side  and  Braemar,  privately 
printed  for  H.R.H.  Prince  Albert,  £7  ;  Bewick's  British  Birds,  1st  edi- 
tion,  £5, 10s. ;  Walton  and  Cotton's  Complete  Angler,  £9, 10s. ;  Forbes 
and  Henley's  British  Mollusca,  £12 ;  Yarrell's  British  Birds,  3  vols., 
copies  sold  from  £4, 4s.  to  £10, 10s.,  one  copy  with  <'  Bewick*s  cuts"  intro- 
duced, £31  ;  Alder  and  Hancock's  Monog.  Brit.  Nud.  Moll.  (Royal 
Society),  £6 ;  Owen's  Odontography,  £9, 15 ;  Gould's  Birds  of  Europe  £91 ; 
Gould's  Birds  of  Australia  £79^  (bought  up  by  Author,  work  being  out 
of  print). 

METEOSOIiOeT. 

To  the  Editors  of  the  Edinburgh  PhiloMphical  Journal, 

Gbntxjsicxk, — ^As  one  of  the  first  fruits  of  the  Meteorological  inquiries 
in  which  I  have  been  engaged  during  the  past  year,  I  send  you  the  Rain- 
fall at  37  stations  over  Scotland,  arranged  so  as  to  exhibit  the  amount  at 
each  station  during  every  month  of  the  year  1856.  It  is  right  to  mention, 
that  no  selection  of  stations  has  been  made,  but  that  every  station  is  in- 
cluded from  which  perfect  returns  were  received  for  the  twelve  months. 

It  will  be  seen  from  this  table  that  the  average  Ml  of  rain  over  Scot- 
land during  the  year  1856  amounted  to  a  mean  dep^h  of  36*96  inches — say 
37  inches.  This,  according  to  our  present  knowledge,  derived  from  im- 
perfect and  partial  data,  would  seem  to  be  a  very  large  amount ;  but  as 
we  have  no  returns  equally  extensive  to  compare  with,  we  must  suspend 
our  judgment  on  this  point. 

The  &11  of  rain  during  September  was  excessive,  particularly  on  the 
eastern  half  of  the  island,  and  sufiicienti  v  accounts  for  the  greater  amount 
of  damage  sustained  by  the  crops  on  that,  than  on  the  western  side  of 
Scotland. 

It  is  instructive  to  note,  that  if  we  select  from  this  table  the  naost  wes- 
tern stations,  and  compare  them  with  some  of  the  eastern  stations,  we 
shall  find  that  the  diiteronce  between  the  fall  of  rain  on  the  eastern  and 
western  side  of  the  island  was  quite  immaterial.  Thus  five  selected  sta- 
tions, on  or  near  the  west  coast,  gave  a  mean  depth  of  37*78  inches  of  rain ; 
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while  feven  staiioiia  on  or  near  the  east  ooatt  g&ve  a  mean  depth  of  37*11 
inches  of  rain.  The  position  of  the  station  in  reference  to  the  hills  and 
mountains  seems  to  have  much  more  important  bearings  on  the  quantitj 
of  rain  deposited,  than  the  mere  circumstance  of  the  station  being  on  the 
eastern  or  western  side  of  the  island.  Thus  at  twelve  stations,  which  ma/ 
be  called  midland,  the  mean  fall  of  rain  greatly  exceeded  that  of  either 
east  or  west  coast  stations,  amounting  to  a  mean  depth  of  44*23  inches. 

From  directing  attention  to  these  facts,  it  is  not  intended  to  be  stated 
that  anything  like  satisfactory  conclusions  as  to  the  general  distribution  of 
rain  over  the  country  could  be  deduced  from  one  year's  observations  :  But 
as  much  misconception  at  present  seems  to  exist  relative  to  the  compara- 
tive depth  of  rain  which  falls  on  the  eastern  and  western  side  of  the  island, 
and  the  influence  of  the  hills  on  the  fall  at  such  stations  seems  to  have  been 
somewhat  overlooked,  it  was  deemed  right  to  direct  attention  to  the  sub- 
ject, and  at  the  same  time  publish  the  table  in  full,  that  every  one  majr 
have  it  in  his  power  to  study  the  facts,  and  deduce  his  own  conclusions.—* 
I  am,  Gentlemen,  your  most  obedient  servant, 

Jambs  Stabs,  M.D. 


PALL  OP  RAIN  AT  THIRTY-SEVEN  STATIONS  IN  SCOTLAND, 
DURING  EACH  MONTH  OF  THE  YEAR  1856. 


1856. 


Sandwiok, 

Galston 

Stornowaj,  ... 

Culloden, 

Elgin,    

Cutle  Newe... 
Fettercaim  ... 

Straohan  

Barry    

Kettins 

Arbroath 

Perth 

Anstruther  ... 

Alloa 

CalltonMor... 

Greenock 

Edinburgh    ... 

Glencorse 

Swanston 

Harlaw     

Colzium    

East  Linton... 

Thurston 

Yester  

Thirlstane  ... 
Milne  Graden 
Kirkpatrick... 

Dumfries 

Thomhill 

WallacehaU... 

Penpont    

Keir  

Auchenbraok 

Hastings-hall 

Kirkoonnell 

Sanquhar 

Wanlockhead 


Jan.  Feb.  Mar  Apr.  May 


233 
1-20 
2-06 
1-97 
1-77 
1-87 
2-80 
2-89 
4-17 
3-21 
3-03 
1-86 
2-22 
240 
2-18 
3-90 
2-29 
3-05 
2-87 
2-68 
3-24 
3-00 
3-80 
2-65 
1-00 
0-70 
3-20 
2-80 
3-40 
2-50 
3-20 
4-30 
5-65 
5-00 
2-60 
3-00 
6-10 


2  42  0-34 
1-60,  O60 
3-62  0-17 


Jon. 


1 

0-34, 089 '2-36 
0  20  0-80  4-80 
l-59'0-97i'6'13 


July 


2*48 
1-35 
2-21 
2-55 
3-55 
4-03 
4-28 
2*78 
4-08 
2-59 
4.85 
4-00 
6-20 
2-01 
2-85 
270 
310 
3-94 
2-00 
5-85 
3-70 
1-36 
1-30 
5-00 
2-86 
3-70 
3-50 
3-90 
5-20 
4-65 
6-00 
3-70 
4-30 
6-55 


0-12 
0-27 
0-22 
Oil 
0-12 
0-01 
0-29 
0-12 
019 
0-08 
0-20 
0-10 
0-80 
0-11 
0-10 
0-09 
0-11 

on 

0-10 
0-01 
0-40 
0-50 
0-10 
0-05 
0^ 
1-60 
1-10 
0-70 


2-74, 

3-40 

511! 

3-70 

5-40 


3-13 
1 2-89 


3-22  3-84 
3-40  2-62 
3-09  2-91 


2-58 
1-81 

319, 1-92 
1-35 1 1-40 
1*96;  2-84 
4-01 
372 


2-18 
2-20 
1-30 
217 
4-10 
1-56 
3-55 
2-90 
3-20 
2-73 
2-50 
1-20 
2-00 
1-59 
2-20 
2-75 
2-35 


2^3 
2-46 
3-07 


3-36 
5-70 
5-86 
2-37 
2-89 
4-10 
1-40 
2-74 
2*48 
2-48 


Aug!  Sept.  Oot. 


1-40 
2-20 
2-26 
1-63 
1-57 
2-35 
2-20 
2-53 
4-21 
4-60 


3-20 
3-68 
3-95 
2-97 


2-92  6-50 


4-20 
2-61 
3-65 
4-65 
412 
4-21 
300 
2-80 
4-65 
3-00 
3-60 
2-50 
2-51 


2-60  2-90 
2-10  2-00 
210 '3 10 


7-30 
3-12 
515 
4-30 
420 
4-84 
4-40 
5-90 
6-80 
2-68 
SKX) 
4-72 
3-51 
400 
3-40 
5-10 
5-30 
6-30 
6-40 
5-30 
4-20 
8-00 


2'12|3-78 

1-98 '508 

1-86 

2-10 

416 

2-65 

1-81 

2-40 

2-20 

2-38 

3-20 

2-10 

0-80 

1-40 

1-93 

2-60 

240 

1-61 

2-20 

2-00 

1-70 

2-00 

3-00 

3-30 

2-40 

2-60 

6-70 


2-96  4-96  2-64 


510 
4-20 
3-68 
4-80 
312 
4-65 
4-25 
4*41 
4-76 
3-85 
5*40 
3-35 
418 
3-00 
4-30 
4-65 
4-40 
3-60 
4-50 
4-70 
6-66 
5-30 
5-60 
4-70 
8-15 


4O0 


318 

2-70 

2-40 

514 

4-31 

8-91 

3-80 

6-90 

7-00 

6*96 

5-43 

5-62 

3-78 

312 

2-57 

3-15 

4-66 

7-45 

7-10 

8-20 

8-56 

6-90 

7-70 

8-05 

7-20 

4-70 

3-40 

2-43 

3-10 

2-20 

2-10 

2-70 

1-55 

2-50 

3-00 

3-60 

4-90 


4-79 


1-01 

0-40 

1-43 

0-49 

1-40 

1-13 

1-00 

1-33 

1-27 

1-38 

1*53 

1-40 

1-53 

1-12 

3-23 

3-22 

0-55 

1-35 

1-80 

130 

1-59 

100 

1-20 

2-80 

1-30 

0-30 

2-55 

2-48 

3-10 

230 

2-70 

3-20 

3-20 

4-30 

3*40 

2-20 

515 


Not. 


1-91 


4-61 

4-20 

3-71 

1-74 

317 

6-24 

110 

2-67 

1*34 

1-91 

2-02 

1-04 

0-95 

0-70 

2-64 

2-70 

0-47 

1-40 

1-40 

0-90 

1-21 

1-50 

0-9C 

1-90 

0-80 

110 

0-80 

1-03 

0-90 

070 

1-60 

1-75 

2-30 

2-30 

4-20 

2-60 

2-90 


1-98 


Dec. ;  Year. 


617  il  27-41 
6-30 1  30-70 
5*50 ;  35*69 
1-66  26*05 
2*14  26-97 
2-56  139-82 
1-90'  23-31 
2-13  135*06 
2-58  138-16 


3-30 
2-25 
3-79 
3-25 
4-10 
6-68 
7-65 
2*63 
5-20 
4-50 
4-40 
7-60 
4-00 
1*60 
4-65 
2-66 
3-20 
8*30 
4-04 
5-70 
5-90 
610 
6-50 
8-10 

10-10 
6-60 
6*40 

11-60 


4-85 


38-17 
32*26 
33-49 
29-97 
30*13 
40*83 
5057 
24*94 
4O80 
38*76 

39-eo 

45*89 
34*96 
37*16 
42-36 
28*18 
26-80 
39*97 
31*11 
37*60 
31*20 
3670 
43*05 
48-16 
56-00 
42*90 
39*80 
64*80 

36*96 


Meteorology. 
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PUBLICATIONS  RECEIVED. 


L'lnstitat,  September  1856  to  March  1857. 

Proceedings  of  the  Rojal  Soeietj  <^  Arts  and  Sciences  of  the  Mauritias, 
September  1851  to  October  1855. 

Edinburgh  Essays  bj  Members  of  the  Uniyersitj.    1856. 

Proceedings  of  the  Royal  Geographical  Society  of  London,  January 

1857. 

Quarterly  Manual  of  the  Chemical  Society,  January  1857. 

Hooker's  Journal  of  Botany,  November  and  December  1856,  January, 
February,  and  March  1857. 

The  Monogenesis  of  Physical  Forces.    By  Alfebo  Sicbs.    1857* 

Jahrbuch  der  Eaiserlich,  Eonighlichen  Geologischen  Reichsanstalt, 
July  to  December  1856,  and  January  to  May  1856.    Mit  Abhandlungen. 

Logan  on  the  Ethnology  of  the  Indo-Pacific  Islands.    Part  II. 

American  Manual  of  Science  and  Art  for  September  and  Norember 
1856. 

Natural  History  Review  for  October  1856  and  January  1857. 

'  Symon's  Comments  on  Professor  Whewell's  reasons  for  describing  the 
Moon's  motion  as  a  motion  about  her  axis. 

Journal  of  the  Asiatic  Society  of  Bengal,  No.  YII.,  for  1855,  and  No. 
rV.,  for  1856. 

Ansted's  Elementary  Course  of  Geology,  Mineralogy ,  and  Physical 
Geography.    2d  Edition.    1856. 

Ule  tnr  les  Moyois  de  Mesurer  la  Pens^.    Neuobatel  1857. 
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Mountain  Climates  considered  in  a  Medical  Point  of  View. 

By  Dr  H.  C.  Lombard  .♦ 

What  is  the  effect  of  a  mountain  residence  on  the  course  of 
diseases  ?  Such  is  the  question  which  has  often  presented  it- 
self to  me  in  the  course  of  my  medical  practice,  and  on  which 
it  has  been  my  wish  to  collect  a  few  observations,  very  incom- 
plete it  is  true,  but  at  the  same  time  very  little  known.  I 
have  been  unable,  indeed,  to  find  in  medical  literature  any  par- 
ticular work  devoted  to  this  subject,  and  it  has  appeared  to 
me  that  some  benefit  would  arise  from  supplying  this  want  in 
the  science. 

In  speaking  of  a  residence  on  elevated  situations,  the  first 
question  that  presents  itself  is,  what  is  a  mountain  climate, 
and  what  are  its  meteorological  characteristics  1  In  order  to 
answer  this  question  I  examined  works  on  Meteorology,  but 
not  finding  there  the  desired  information,  I  applied  to  Profes- 
sor Plantamour,  who  has  had  the  kindness  to  furnish  me  with 
very  valuable  particulars. 

In  the  second  place,  I  have  availed  myself  of  various  sources, 
in  order  to  study  the  physiological  and  pathological  modifica- 
tions impressed  on  living  bodies  by  a  residence  on  heights. 

With  regard  to  influences  of  a  purely  physiological  nature, 
I  have  found  all  the  materials  requisite  for  answering  the 
question  in  a  recent  work  by  Dr  Meyer- Ahrens  of  Zurich 

*  From  the  Biblioth^qae  UnlverseUe  de  Oen^ve. 
NEW  8BRTES. — VOL.  VI.  NO.  I. — JULY  185?.  A 


2  Dr  Lombard  an  Mountain  Climates 

The  pathological  influences  of  mountain  climates,  being  a  sub- 
ject greatly  more  complicated,  I  have  found  it  necessary  to  un- 
dertake numerous  researches  in  reference  to  them. 

On  this  point,  the  works  of  Dr  von  Tschudi  on  the  diseases 
usually  met  with  in  the  very  elevated  regions  of  our  globe, 
have  furnished  me  with  very  valuable  information.  In  regard 
to  countries  of  inferior  elevation  to  Peru  or  Bolivia,  I  have 
obtained  very  complete  documents,  for  which  I  am  indebted  to 
the  bibliographical  researches  kindly  made  for  me  by  Dr  Appia. 
But  as  there  are,  notwithstanding,  many  questions  which  can- 
not be  answered  by  means  of  the  works  that  have  been  pub- 
lished on  this  subject,  I  have  availed  myself  of  the  knowledge 
of  many  of  my  colleagues,  who  have  readily  replied  to  my  in- 
quiries as  to  the  result  of  their  observations  on  the  diseases 
most  extensively  diffused  among  the  mountaineers  of  different 
countries. 

Professor  Bertrand  of  Grenoble,  and  Dr  Albert  of  Brian^n, 
have  made  me  acquainted  with  the  predominating  character 
of  the  morbid  affections  which  prevail  among  the  Alps  of 
Dauphiny.  Professor  Savoyen  of  Moutiers,  and  Dr  Michon 
of  Ohamounix,  have  rendered  me  a  like  service  in  regard  to 
Tarentaise  and  the  valley  of  Ohamounix.  Many  practitioners 
in  our  vicinity  have  conferred  a  similar  favour  with  reference 
to  the  diseases  most  prevalent  in  the  Jura  and  adjoining  dis- 
tricts of  Savoy.  Lastly,  my  excellent  friend,  Dr  Lebert,  who 
practised  for  a  long  period  in  the  neighbourhood  of  Bex  and 
Saint  Maurice,  before  being  appointed  Professor  at  Zurich, 
has  communicated  to  me  a  work  in  manuscript  from  which  I 
have  derived  most  valuable  information  on  the  subject  before 
us.  With  the  advantage  of  all  these  documents,  for  the  most 
part  unpublished,  I  have  been  enabled  to  trace  the  outlines  of 
the  picture  of  Alpestrine  Pathology. 

Proceeding,  after  this,  to  examine  the  effects  produced  by 
a  residence  among  mountains,  both  in  the  case  of  invalids,  and 
of  healthy  individuals,  I  have  been  led  to  draw  some  practical 
conclusions  as  to  the  maladies  which  may  be  combated  by 
this  means,  and  at  the  same  time  as  to  such  as  are  aggravated 
by  the  bracing  atmosphere  of  high  lands. 

Lastly,  after  having  reviewed  the  different  alpine  localities 
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which  may  be  selected  for  the  purpose  in  question,  and  ex- 
plained the  hygienic  precautions  necessary  for  success  in  a 
mountain  residence,  I  have  come  to  some  practical  conclusions 
as  to  making  the  best  choice  between  different  localities,  keep- 
ing in  view  the  particular  disorder  which  we  wish  to  coun- 
teract. 

It  is  thus  seen  that  the  medical  history  of  mountain  cli- 
mates touches  on  many  questions  in  Meteorology,  Geography, 
Physiology,  and  Pathology.  In  order  to  discuss  it  with  ad- 
vantage, therefore,  a  great  number  of  facts  must  be  brought 
under  our  observation,  and  even  after  this  has  been  done,  I 
can  regard  this  work  only  as  the  commencement  of  an  investi- 
gation, which  others,  with  fuller  information,  may  turn  to  better 
account,  and  render  more  useful  to  science  than  I  have  suc- 
ceeded in  doing. 

L — Whai  dre  the  Meteorological  characters  of  Mountain 

Climates  ? 

If  we  compare  the  great  plains  of  Europe  with  the  coun- 
tries in  the  vicinity  of  the  high  Alps,  we  may  assign  the 
name  of  mountain  climate  to  that  of  the  principal  valleys  of 
Switzerland,  the  Tyrol,  or  the  Pyrenees.  It  is  not,  in  fact, 
necessary  that  a  country  should  be  in  the  immediate  vicinity 
of  mountains  in  order  to  have  its  climate  modified  by  the  pre- 
sence of  snow,  the  frequency  of  fogs,  and  the  intensity  of  aerial 
currents,  for  we  can  recognise  even  in  the  climate  of  our 
valley  some  of  the  characters  peculiar  to  the  atmosphere  of 
mountains.  We  can  observe  the  frequent  falls  of  rain  in  the 
districts  adjoining  the  Jura,  the  accumulation  of  fogs  formed 
on  the  heights,  and  which  the  north  wind  gathers  in  masses 
over  our  heads,  as  they  are  arrested  by  Mount  Sion  in  front, 
the  Sal^ve  on  the  one  side,  and  the  Jura  on  the  other.  Lastly, 
we  may  observe  the  sudden  sinking  of  the  temperature  when 
the  rains  of  the  plain  are  converted  into  snow  on  the  summits 
of  the  surrounding  mountains.  All  these  meteorological  cir- 
cumstances may  be  considered  as  being,  in  some  degree,  cha- 
racteristic of  alpestrine  climates,  if  we  compare  them  with  the 
plains  of  France,  Germany,  or  Lombardy .    But  it  is  our  wish 

a2 
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to  confine  the  subject  which  now  engages  us  to  more  elevated 
localities,  and  direct  attention  chiefly  to  such  as  are  situated 
at  a  height  more  or  less  considerable  above  the  neighbouring 
valleys. 

Even  with  this  limitation,  the  question  of  the  meteorological 
characters  of  mountain  climates  is  not  sufficiently  simplified. 
For,  in  examining  each  locality,  we  must  take  into  account 
not  only  the  absolute  elevation  above  the  sea-level,  but  also 
the  exposure ;  recollecting  that  no  comparison  can  be  insti- 
tuted between  the  northern  and  southern  declivity  of  a  moun- 
tain chain ;  and  that,  owing  to  the  disposition  of  the  surround- 
ing hills,  two  localities  situated  at  the  same  height  may  possess 
an  entirely  different  climate.  Such  is  the  case,  for  example, 
with  Montreux,  compared  with  other  villages  in  the  neigh- 
bourhood, which  have  not  the  same  advantage  of  being  com- 
pletely sheltered  from  the  north  wind,  and  receiving  the  solar 
rays  during  great  part  of  the  day.  Such,  likewise,  is  the  case 
with  Mornex,  which,  from  its  position  on  the  eastern  and 
southern  slope  of  the  Little  SalSve,  enjoys  a  very  different  cli- 
mate from  the  surrounding  villages,  and  in  particular  from 
Monnetier,  whose  temperature  is  much  colder,  to  a  degree  al- 
together disproportionate  to  the  difference  of  level  between 
two  localities  so  near  each  other.* 

With  these  preliminary  reservations,  we  may  now  proceed 
to  consider  the  subject  of  mountain  climates,  taking  as  points 
of  comparison,  Geneva  and  the  Hospice  of  St  Bernard,  the 
height  of  which,  according  to  the  recent  measurement  of 
Professor  Plantamour,  is  8230  feet  above  the  level  of  the 
sea.  Various  considerations  operate  in  favour  of  the  choice 
of  these  two  localities  as  terms  of  comparison.  The  first  ia, 
that  at  both  of  them  numerous  meteorological  observations 
have  been  made  according  to  the  most  approved  method,  and 
with  the  most  trustworthy  instruments,  so  that  these  two 
series  of  observations  may  be  considered  as  admitting  of  the 
most  rigorous  comparison  with  each  other.  A  second  reason 
for  the  selection  of  the  Hospice  of  St  Bernard  as  a  type  of 
this  kind  of  climate  is,  that  it  is  the  most  elevated  spot  in 

*  The  height  of  Monnetier  it  2335  feet ;  that  of  Mornez  about  820  feet 
lower. 
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Europe  permanently  inhabited,  and  as  such  can  present  us 
with  the  most  correct  observations,  and  at  the  same  time  the 
most  conspicuous  features  of  alpestrine  climates.  Lastly,  a 
consideration  of  the  utmost  importance,  in  my  estimation,  is 
the  opinion  of  Professor  Plantamour,  who  regards  the  com- 
parison instituted  between  Geneva  and  the  Hospice  of  St 
Bernard  as  admitting  of  being  applied  to  all  the  mountains  of 
the  temperate  zone,  and  as  capable  therefore  of  deciding  the 
question  with  which  we  are  occupied.  This  opinion  M.  Plan- 
tamour has  confirmed  by  investigations,  the  result  of  which 
he  has  communicated  to  me  in  a  manuscript  note,  from  which 
I  shall  extract  the  principal  conclusions. 

'*  The  difference  between  a  mountain  climate  and  that  of  a 
plain  may  be  briefly  stated  as  follows  :-^ 

**  Istf  Temperature. — This  diminishes  with  the  height.  The 
decrease  between  Geneva  and  St  Bernard  is  one  centigrade 
degree  for  616  feet  of  height ;  but,  as  the  mean  tempera- 
ture of  Geneva  is  lowered  by  the  vicinity  of  the  lake,  this 
figure  indicates  a  slower  decrease  than  that  generally  ob- 
served in  the  temperate  zone,  that  is,  about  one  degree  in  557 
feet.  The  range  of  the  diurnal  variations  is  less  at  St  Ber- 
nard than  at  Geneva.  The  maximum  comes  sooner,  the  mini- 
mum later. 

"  The  range  of  annual  variations  diminishes  as  we  ascend. 

"2(i,  Atmospheric  Pressure. — This  diminishes  with  the 
height,  which  likewise  tends  to  render  the  diurnal  variations 
less  extensive  than  in  the  plain,  while  the  contrary  is  observed 
in  the  annual  variations  of  the  barometer. 

**  3d,  Humidity  of  the  Air. — The  absolute  quantity  of  vapour 
contained  in  the  air  naturally  diminishes  with  the  tempera- 
ture. With  regard  to  the  relative  humidity,  or  the  degree  of 
saturation,  the  annual  mean  does  not  present  great  differences 
in  the  two  stations,  while  the  monthly  and  diurnal  variations 
are  much  smaller  at  St  Bernard  than  at  Geneva. 

''  4^A,  Rain  or  Snow. — Of  these  the  annual  quantity  is  one 
and  a  half,  or  twice  greater  at  St  Bernard  than  at  Geneva, 
especially  in  winter. 

"  5th,  State  of  the  Sky. — ^There  is  little  difference  with  re- 
gard to  the  state  of  the  sky,  on  comparing  it  throughout  the 
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year  in  the  two  stations,  but  while  the  summer  is  the  most 
cloudy  season  at  Genevai  it  is  winter  that  is  clearest  at  St 
Bernard." 

From  the  observations  just  giyen,  and  also  from  the  infor- 
mation contained  in  the  works  of  meteorologists,  we  obtain  the 
means  of  characterizing  mountain  climates,  on  comparing  them 
with  the  neighbouring  plains  and  localities  which  have  the 
same  exposure. 

We  may  affirm  that  the  air  of  mountains  is  colder  the  more 
elevated  they  are ;  but,  at  the  same  time,  the  temperature  is 
more  uniform,  so  that  one  is  much  less  exposed  than  in  the 
plain  to  those  sudden  variations  which  frequently  take  place 
in  the  course  of  a  single  day. 

The  atmospheric  pressure  diminishes  with  the  height,  and 
thi^  difference  in  the  weight  sustained  by  the  human  body, 
gives  rise  to  various  phenomena  to  which  we  shall  again  recur 
when  treating  of  the  modifications  produced  on  our  organs  by  a 
residence  in  an  alpestrine  climate.  At  present  we  may  merely 
mention  the  rapidity  of  evaporation,  which  increases  with  the 
diminution  of  atmospheric  pressure.  The  higher,  therefore, 
a  locality  is  above  the  sea,  the  drier  will  be  the  air,  and  the 
more  speedily  will  it  extract  moisture  from  the  bodies  exposed 
to  it. 

This  last  remark  leads  us  to  examine  the  question  of  the 
greater  or  less  degree  of  dryness  in  the  atmosphere  of  moun- 
tains. 

There  is,  in  the  first  place,  a  great  diversity  of  opinion  among 
meteorologists,  as  to  the  relative  humidity  or  precise  degree  of 
saturation.  Some,  such  as  De  Luc  and  De  Saussure,  infer, 
from  their  observations  on  Mont  Blanc,  that  the  air  of  high 
mountains  is  much  drier  than  that  of  the  plains.  Others, 
such  as  Keamtz  and  Bravais,  have  found  the  air  on  the  Bighi 
and  Faulhorn  sometimes  drier  and  sometimes  moister  than  in 
the  plain.*  Finally,  Professor  Plantamour  has  come  to  the 
conclusion,  from  a  long  series  of  observations  made  at  Geneva 
and  St  Bernard,  that  if  we  consider  the  annual  means,  there 
is  no  very  notable  difference  between  the  mountain  and  the 

*  Cours  complet  de  Meteorologie ;  translated  by  Ch.  Martina.    Paris,  1843. 
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plain.  But  if  we  compare  the  diurnal  or  monthly  variations, 
we  shall  find  a  much  greater  degree  of  uniformity  in  the  ele- 
vated situation.  We  thus  definitely  ascertain  that  the  inha- 
bitants of  elevated  regions  are  not  subjected  to  those  changes 
in  the  humidity  of  the  atmosphere  which  are  so  frequent  in 
lower  countries. 

Three  circumstances  should  contribute  to  render  the  air 
drier  on  heights ;  firsts  the  facility  of  evaporation  under,  di- 
minished atmospheric  pressure ;  secondly ,  the  frequency  and 
intensity  of  aerial  currents  on  the  summits  and  sides  of  our 
Alps  ;  thirdly,  the  power  of  the  solar  rays,  which  rapidly  dry 
the  earth  and  organized  bodies.  Exposure  for  a  few  minutes 
to  the  heat  of  the  sun,  in  this  rarefied  air,  is  sufficient  to  dry 
the  face,  and  cover  the  unprotected  parts  of  the  body  with 
blisters,  as  we  shall  afterwards  learn.  At  present  we  allude 
to  these  different  phenomena  only  in  as  far  as  they  are  con- 
nected with  the  dryness  of  the  air. 

It  is  true  that  the  difference  of  temperature  in  the  different 
atmospheric  strata  causes  the  condensation  of  the  vapours  in 
elevated  places ;  hence,  in  the  latter,  there  is  a  more  clouded 
sky,  and  more  abundant  rain,  as  we  have  seen  in  regard  to  St 
Bernard,  where  the  quantity  of  rain  and  snow  is  nearly  double 
that  which  falls  at  Geneva.  But,  as  has  been  seen,  a  greater 
degree  of  humidity  in  high  districts  is  not  produced  by  this  ; 
and  this  is  no  doubt  owing  to  the  sloping  position  of  most 
alpine  localities,  and  the  strength  of  the  currents  of  air,  which 
do  not  permit  the  moisture  to  obtain  a  lodgment  in  the  soil. 
As  the  last  property  of  the  atmosphere  of  elevated  regions, 
I  may  mention  the  absence  of  dew  at  sunset,  a  circumstance 
eminently  favourable  to  invalids  and  such  as  are  convalescent, 
as  they  may  remain  pretty  late  in  the  open  air  without  appre- 
hension of  that  sensation  of  damp  chillness  which  is  so  danger- 
ous in  other  places. 

To  recapitulate  briefly  what  has  been  said;  it  may  be 
affirmed  that  we  find  in  elevated  situations  an  atmosphere 
colder  and  more  steady,  both  in  regard  to  temperature  and 
humidity,  and  also  more  frequently  renewed,  than  in  the  ad- 
joining plains.  With  such  properties,  mountain  climates 
ought  to  possess  great  value  to  such  as  dread  the  heats  of 
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summer,  who  are  tried  by  sadden  thermometrical  or  hygrome- 
trical  changes,  and  who  stand  in  need  of  a  more  vivifying  air 
than  that  of  the  plains.  We  shall  afterwards  see  where  and 
in  what  manner  the  objects  sought  for  may  be  best  attained. 


II. — What  is  the  Physiological  and  Pathological  Influence 

of  Mountain  Climates  ? 

The  differences  of  temperature  and  humidity  which  have 
been  indicated  between  countries  situated  at  different  heights, 
present  no  character  exclusively  peculiar  to  them,  and  which 
may  not  likewise  be  found  in  other  localities  placed  at  the 
same  level  above  the  sea,  although  in  different  latitudes.  Such, 
however,  is  not  the  case  with  atmospheric  pressure,  which  can 
never  have  the  same  character  at  different  heights.  We  may 
sometimes  observe  the  barometer  descend  a  certain  number  of 
millimetres,  but  we  never  notice  differences  like  those  which 
exist  between  Geneva  and  St  Bernard,  or  between  the  sea-shore 
and  the  summit  of  the  Righi  or  Mont  Blanc.  There  exists, 
therefore,  in  mountain  climates  a  new  element  of  great  impor- 
tance, that  is,  a  less  degree  of  atmospheric  pressure,  and  con« 
sequently  air  of  less  density,  as  well  as  a  decrease  in  the 
quantity  of  oxygen  necessary  to  sustain  life  by  means  of  re- 
spiration. It  is  to  these  last  two  circumstances  that  we  must 
ascribe,  in  a  great  measure,  the  phenomena  observed  on  hi^ 
mountains,  and  to  which  I  wish  for  a  short  time  to  direct  the 
attention  of  my  readers. 

On  applying  to  physical  science,  we  shall  be  informed  that 
the  entire  weight  of  .the  atmosphere  represents  as  many  times 
300  kilogrammes  as  there  are  square  decimeters  on  the  sur- 
face of  our  bodies ;  so  that,  according  to  the  stature  of  different 
individuals,  the  total  weight  supported  by  our  organs  will  vary 
between  15,000  and  20,000  kilogrammes.  On  leaving,  there- 
fore, a  country  more  or  less  nearly  on  a  level  with  the  sea,  in 
order  to  repair  to  a  higher  locality,  our  bodies  will  be  subjected 
to  less  degree  of  pressure  in  proportion  to  the  elevation.  It  is 
easy  to  understand  what  degree  of  disturbance  our  organs 
must  undergo  when  the  enormous  weight  which  they  habitu- 
ally bore  has  been  diminished  by  a  sixth  part,  a  quarter,  or 
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even  a  third,  as  has  been  observed  on  the  Righi,  St  Bernard, 
and  the  top  of  Mont  Blanc*  And  if  we  add  to  this  diminn- 
tion  of  pressure  the  no  less  important  change  which  takes 
place  in  the  density  of  the  air,  and  consequently  in  the  quan- 
tity of  oxygen,  we  shall  have  little  difficulty  in  accounting  for 
the  various  disturbances  which  take  place  in  the  respiration, 
circulation,  locomotion,  and  digestive  functions,  of  those  who 
have  ascended  the  lofty  peaks  of  our  Alps,  and  made  them  for 
a  time  their  place  of  abode. 

In  the  appearance  of  the  symptoms  just  spoken  of,  it  is 
not  easy  to  say  what  portion  we  are  to  ascribe  to  the  diminished 
pressure,  and  the  insufficient  supply  of  oxygen.  The  respi- 
ration and  circulation  should  be  alike  modified  under  these 
two  influences,  and  ought  to  react  on  the  muscular  strength.  On 
the  other  hand,  as  recent  investigations  have  shown  that  it  is 
owing  to  atmospheric  pressure  that  the  head  of  the  thigh-bone 
is  kept  within  the  cotyloid  cavity,  it  is  evident  that  the  dimi- 
nished weight  of  the  air  must  render  the  movements  more 
difficult.  We  thus  come  to  the  conclusion,  that  the  appear- 
ances produced  in  livingJ>odies,  when  transported  to  great 
heights,  are  the  result  of  the  two  meteorological  facts  in  ques- 
tion— a  diminished  pressure,  and  a  smaller  quantity  of  oxygen. 
After  these  preliminary  remarks,  bearing  on  certain  theo- 
retical questions  necessary  for  understanding  our  subject,  let 
us  now  proceed  to  consider  the  modifications  in  our  organs, 
whether  physiological  or  pathological,  occasioned  by  a  more 
or  less  prolonged  residence  among  mountains. 

With  a  view  to  facilitate  the  study  of  the  phenomena  ob- 
served in  man  and  animals,  we  shall  divide  the  localities  which 
form  the  subject  of  our  observation  into  two  classes ;  those 
which  are  situated  above  6560  feeU  and  which,  for  the  sake 
of  shortness,  we  shall  call  A  Ipestrine  climates.  We  shall  then 
describe  the  efiects  produced  by  Alpine  or  sulMilpine  cli« 
mates,  that  is,  such  as  characterize  localities  situated  below 
6560  feety  and  which  contain  the  greater  part  of  the  villages 
or  establishments  to  which  patients  are  sent. 

The  investigations  which  follow  present  themselves  under 
two  very  distinct  aspects.  It  is  found  that  some  of  the  changes 
which  take  place  under  the  influence  of  mountain  climates 
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extend  no  farther  than  to  modify  the  play  of  onr  organs, 
without  inducing  serious  or  prolonged  derangement,  and  may 
consequently  be  termed  Physiological.  Others,  which  may  be 
nothing  else  than  a  continuation  or  aggravation  of  the  former, 
exercise  an  action  sufficiently  powerful  to  give  origin  to  some 
disease,  and  consequently  fall  under  the  domain  of  Pathology. 
Let  us  consider  these  twofold  consequences  of  an  abode  in 
alpestrine  and  alpine  climates. 

§  1.  Physiological  and  Pathological  influence  of  Alpestrine 

Climates  (above  6560  feet). 

The  effects  produced  by  the  ascent  of  high  mountains,  or  by  a 
residence  in  the  elevated  regions  of  our  globe,  have  been  fre- 
quently studied,  both  among  the  Alps  and  Pyrenees,  and  also  in 
the  chain  of  the  Andes,  under  circumstances  which  cannot  be 
realized  in  Europe.  Indeed,  notwithstanding  the  important  la- 
bours of  De  Saussure,  Bravais,  and  Martins,  on  Mont  Blanc,  at 
a  height  of  15,744  feet;  those  of  Desor  and  Agassiz,  on  the 
glaciers  of  the  Aar,  at  a  height  of  about  13,120  feet ;  it  must  be 
remembered  that  these  observers  could  remain  but  a  short  time 
in  regions  so  desolate  and  incapable  of  furnishing  adequate  shel- 
ter for  a  lengthened  abode.  But  this  is  by  no  means  the  case 
in  South  America,  where  valleys  and  plateaux  are  to  be  met 
with  in  the  chain  of  the  Andes  permanently  inhabited,  al- 
though their  elevation  is  from  11,840  to  13,120  feet.*  One  of 
these,  is  particular,  is  the  valley  of  Puna,  where  our  country- 
man, Dr  Tschudi,t  resided  for  a  long  time,  as  well  as  in  many 
other  regions  of  the  same  nature.  He  informs  us  that,  in 
Peru,  they  use  the  name  mal  de  puna  to  indicate  the  effects 
produced  by  high  situations  on  those  who  visit  them,  or  live 
for  a  longer  or  shorter  period  upon  them.  The  inhabitants 
of  these  elevated  regions  likewise  call  it  sorroche  or  mareo. 
The  last  of  these  designations  establishes  a  pretty  correct 
comparison  between  sea-sickness  and  the  influence  of  heights 
on  the  human  body. 

*  See  the  list  of  these  various  localities  in  the  Annuaire  du  Bureau  det  Longi' 
tudet* 

t  Reiseskiizen  in  Perou.     Sanct.  G alien,  1846. 
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A  perfect  identity  has  been  found  to  exist  among  the  effects 
produced  on  living  bodies  in  whatever  part  of  the  world  they 
have  been  observed,  insomuch  that  all  these  facts  may  be 
united  in  a  single  view,  and  distinguished  by  the  same  name, 
the  mountain  sickness  (}e  mal  de  montagne).  This  has  been 
done  by  Dr  Meyer- Ahrens  of  Zurich,  in  a  work  lately  pub- 
lished at  Leipsic*  Considering,  with  this  author,  the  princi- 
pal changes  produced  in  our  organs  by  the  ascent  of  high 
mountains,^  or  a  residence  in  Alpestrine  valleys,  we  shall  pass 
successively  in  review  those  which  arise  in  the  functions  of 
digestion,  locomotion,  circulation,  respiration,  and,  finally, 
such  as  affect  the  nervous  centres. 

The  digestive  organs  undergo  considerable  modification,  in- 
dicated by  an  ardent  thirst,  with  a  desire  for  water  and  other 
cooling  liquids,  and  an  aversion  to  wine  and  other  strong 
liquors.  De  Saussure,  who  has  often  experienced  this  sensa- 
tion, has  however  remarked,  that  if  this  repugnance  be  over- 
come, the  use  of  spirituous  liquors,  in  moderate  quantities,  en- 
tails no  disagreeable  consequences,  but  on  the  contrary  re- 
cruits the  strength  without  causing  intoxication ;  he  has  often 
observed  that  a  draught  which  would  inebriate  in  the  plains 
no  longer  had  that  effect  on  the  mountains.  The  appetite  is 
sometimes  increased,  but  for  the  most  part  it  is  destroyed  al- 
together, and  the  distaste  for  food  is  so  decided,  that  in  try- 
ing to  overcome  it,  nausea  and  even  vomiting  supervene.  This 
I  have  myself  experienced  after  having  climbed,  without  stop* 
ping,  from  the  foot  to  the  summit  of  the  Great  Sal^ve,  which 
formed  an  ascent  of  nearly  3280  feet. 

One  of  the  effects  of  elevation  is,  that  the  muscular  strength 
is  weakened ;  the  least  exertion  is  attended  with  great  fa- 
tigue, even  in  men  of  the  greatest  vigour.  Beasts  of  burden 
lose  their  strength  even  more  speedily  than  men ;  they  be- 
come short  of  breath,  and  are  obliged  to  stand  at  every  step, 
and,  if  forced  to  continue  their  journey,  they  soon  sink,  and 
their  carcases  may  be  seen  lying  in  the  elevated  passes  of  the 
Andes. 

The  circulation  and  respiration  are  obviously  quicker  than 

*  Die  Bergkraokheit  oder  der  Einfluss  des  ErBteigeDS  grosser  Hdhen  auf  den 
thieriflchen  OrgaDismnt;  in  Bvo,  1854. 
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on  the  plain ;  the  inspirations  are  deep  and  quick  or  gasping 
(saccadees) ;  the  heart  beats  forcibly,  and  often  with  quick- 
ness double  that  of  its  ordinary  state.  This  was  observed  by 
Dr  Meyer  during  his  ascent  of  the  Jungfrau.  It  must  not, 
however,  be  supposed  that  this  acceleration  of  the  pulse  is 
owing  only  to  the  muscular  efforts  occasioned  by  the  ascent, 
since  Dr  Tschudi  observed  it  in  his  own  case,  although  he  was 
on  horseback.  It  was  likewise  remarked  by  6ay-Lussac  and 
Biot,  although  they  were  motionless  in  a  balloon,  at  the  height 
of  8370  feet,  the  pulse  of  the  one  rising  22  beats,  that  of 
the  other  32. 

The  nervous  system  likewise  presents  some  important  symp- 
toms, such  as  vertigo,  somnolency,  pains  in  the  head,  some- 
times very  severe ;  frequently,  also,  a  complete  and  sudden 
prostration  of  strength,  so  as  to  render  all  movement  impossible; 
a  condition  for  which  even  fatigue  can  in  no  degree  account, 
and  which  must  be  ascribed  to  a  particular  state  of  the  nervous 
system.  Some  travellers  have  experienced  a  feeling  of  light- 
ness, as  if  their  bodies  were  no  longer  in  immediate  contact 
with  the  earth ;  others  have  felt  a  pressure  from  below  up- 
wards under  the  soles  of  the  feet ;  often,  also,  hummings  in  the 
ear  occur,  and  the  motion  of  bubbles  of  air  in  the  Eustachian 
tube. 

Lastly,  various  other  symptoms  are  observed  depending  on 
the  dryness  and  rarefaction  of  the  air,  both  of  which  are  re- 
markably promoted  by  the  evaporation.  It  is  under  this  in- 
fluence that  the  ardent  thirst  of  which  we  have  spoken  is  de- 
veloped, and  which  is  no  doubt  caused  by  the  desiccation  of 
the  walls  of  the  mouth  and  the  air  passages ;  chaps  also  make 
their  appearance  on  the  lips  and  other  parts  of  the  skin  ex- 
posed to  the  action  of  the  air. 

Such  is  a  view  of  the  phenomena  usually  observed  in  man 
when  transported  to  the  higher  regions  of  the  globe.  Animals 
also  present  various  symptoms,  which  must  not  be  passed  over 
without  notice. 

The  inhabitants  of  the  Andes,  who  are  of  Spanish  origin, 
have  been  desirous  to  carry  with  them  their  favourite  amuse- 
ment of  bull  fights  into  the  high  valleys  of  Bolivia,  as,  for  ex- 
ample, to  Paz,  a  town  situate  12,234  feet  above  the  level  of 
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the  sea.  But  they  found  themselves  quite  unable  to  rouse  the 
combative  energies  of  these  animals,  now  become  gentle  and 
peaceable ;  and,  far  from  tearing  each  other,  they  became  weak 
and  breathless  after  a  few  frail  efforts,  and  were  seized  with 
continual  vomitings ;  a  grievous  disappointment  to  the  spec- 
tators who,  instead  of  the  sanguinary  struggle  they  expected, 
found  themselves  assisting  at  what  may  be  called  a  medico- 
veterinary  case. 

Cats  cannot  live  at  an  elevation  above  13,000  feet ;  carried 
to  this  height,  they  invariably  sink  after  being  seized  with  very 
singular  shocks  of  tetanus.  At  first  they  show  only  irregularity 
in  their  movements,  as  if  affected  with  St  Yitus's  dance ;  but 
these  shocks  afterwards  become  more  and  more  severe,  they 
make  prodigious  leaps,  as  if  they  wished  to  scale  the  rocks 
or  the  walls  of  the  houses  ;  after  these  violent  efforts,  they  fall 
exhausted  with  fatigue  and  die  in  convulsions. 

Dogs  bear  up  longer  than  cats,  especially  if  they  have 
been  whelped  in  the  country.  Conveyed  to  these  regions,  they 
may  continue  to  live  there  for  one  or  more  years,  although 
seized  with  convulsive  movements  very  like  those  observed  in 
young  dogs,  when  attacked  with  the  dog-malady. 

Rabbits  can  live  at  a  great  elevation,  although  it  is  as- 
serted that  they  then  become  barren.  Gallinaceous  birds  soon 
perish.  Horses  and  mules,  although  they  suffer  much,  at 
length  become  acclimated.  A  great  number  of  them  die 
from  the  effects  of  fatigue  disproportionate  to  their  muscular 
strength,  in  an  atmosphere  so  rarefied  as  that  we  are  now  con- 
sidering. 

After  having  noticed  the  different  symptoms  which  charac* 
terize  the  mountain  sickness,  it  remains  for  us,  before  con- 
cluding, to  say  a  few  words  on  the  circumstances  which  favour 
its  development,  its  duration,  and  appropriate  treatment. 

The  circumstances  which  appear  to  favour  the  development 
of  this  morbid  affection  in  those  who  are  seized  with  it,  are, 
an  unusual  degree  of  fatness,  a  vigorous  constitution  predis« 
posed  to  congestions,  and  birth  in  a  flat  country,  which  renders 
residence  in  a  different  region  greatly  more  difficult.  With 
regard  to  meteorological  considerations — ^the  dryness  of  the  air 
appears  to  contribute  to  its  development,  as  those  affected  suffer 
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much  less  in  rainy  weather,  or  when  the  air  is  charged  with 
moisture. 

The  various  symptoms  of  the  malady  in  question  are  not  of 
equal  duration.  If  they  are  caused  by  the  ascent  of  a  moun- 
tain they  usually  disappear  with  rest  and  return  to  the  plain. 
If  the  stay  on  the  heights  has  been  prolonged  for  some  time, 
most  of  the  disturbances  in  the  nervous  system  and  digestive 
organs  commonly  disappear  at  the  end  of  ten  or  twelve  days. 
But  lassitude  and  dyspnoea  last  for  a  longer  time ;  a  space  of 
many  months,  sometimes  even  of  some  years,  is  necessary  to 
make  them  completely  disappear,  particularly  in  those  who 
come  from  a  flat  country. 

Some  travellers  allege  that  a  person  is  attacked  by  the 
mountain  sickness  only  once;  but  this  is  not  strictly  cor- 
rect, although  in  every  case  the  first  attack  is  always  the  most 
severe. 

The  most  suitable  treatment  to  counteract  the  symptoms  in 
question  consists,  in  the  first  place,  of  rest,  and  the  use  of 
some  kind  of  spirits,  when  they  have  been  occasioned  merely 
by  the  fatigues  of  the  ascent,  as  their  influence,  in  that  case, 
does  not  extend  beyond  a  few  hours  or  days.  But  when  a 
prolonged  visit  has  been  made  to  the  high  regions,  it  is  neces- 
sary to  have  recourse  to  a  prophylactic  treatment,  and  a 
rational  use  of  medicine.  Experience  has  shown  that  an  aro- 
matic infusion  is  an  excellent  preservative  against  the  dyspnoea 
and  vomiting.  Tea  appears  to  answer  this  purpose  pretty  well ; 
but,  among  the  Andes,  great  importance  is  attached  to  an  in- 
fusion of  the  leaves  of  Erythroaylon  Coca.  The  Indians 
always  carry  some  of  these  with  them,  sometimes  keeping  them 
in  their  mouths,  and  sometimes  making  an  infusion  of  them. 
Dr  Tschudi  found  much  advantage  from  them  when  he  went  to 
hunt  in  valleys  between  10,000  and  13,000  feet  above  the  sea. 
The  inhabitants  of  the  country  likewise  employ  for  the  same 
purpose,  and  in  the  same  manner,  cloves  of  garlic,  with  which 
they  rub  their  mouths  and  faces.  By  these  means  also  they 
restore  some  degree  of  strength  to  the  beasts  of  burden  when 
they  are  short  of  breath  and  exhausted. 

With  regard  to  the  rational  treatment,  it  must  depend  on 
the  form  the  malady  assumes.  If  it  is  accompanied  with  faint- 
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ing,  paleness  of  countenance,  and  vomiting,  it  is  necessary  to 
have  recourse  to  stimulants,  which  can  then  be  taken  in  large 
doses  without  producing  intoxication.  But  more  frequently 
the  disorder  takes  the  form  of  inflammatory  fever,  with  a  ten- 
dency to  cerebral  or  pulmonary  congestions ;  an  antiphlogistic 
treatment  is  accordingly  for  the  most  part  recommended.  It 
consists  in  one  or  repeated  bloodlettings,  in  the  use  of  fruits, 
acidulated  and  purgative  draughts,  such  as  cream  of  tartar  and 
the  pulp  of  tamarinds.  Absolute  rest  in  a  darkened  chamber, 
kept  at  a  proper  temperature,  contributes  equally  to  the  cure.* 

Besides  the  mountain  sickness,  such  as  it  has  been  described, 
other  morbid  affections  are  likewise  observed  in  the  elevated 
districts  of  our  globe,  which  we  shall  consider  in  succession, 
availing  ourselves  of  the  researches  of  various  authors,  and 
more  especially  of  those  of  Dr  Tschudi,  who  has  published  the 
result  of  his  medical  experience  during  his  residence  in  Peru 
and  Bolivia.* 

One  of  the  most  striking  features  in  the  pathology  of  the 
higher  districts,  is  the  frequency  and  severity  of  every  kind  of 
haBmorrhage.  Under  the  influence  of  diminished  atmospheric 
pressure,  and  also  in  consequence  of  the  dry  and  essentially 
tonic  state  of  the  air,  we  meet  with  frequent  cases  of  haemopty- 
sis, epistaxis,  heematemesis,  and  melaenas,  so  severe  as  to  cause 
death.  In  certain  regions  of  Peru  there  occurs  also  a  kind  of 
purple  haemorrhage,  characterized  by  pustules  and  boils,  which 
sometimes  terminate  in  suppuration,  and  sometimes  permit 
the  escape  of  a  considerable  quantity  of  blood ;  from  one  of 
these  swellings  Dr  Tschudi  has  seen  upwards  of  six  pounds  of 
pure  blood  issue.  Along  with  these  local  symptoms  fever 
supervenes,  with  cramps,  pains  in  the  joints,  dysphagia,  and 
great  anxiety.  This  disease  which  has  received  the  name  of 
veruga^  appears  to  be  peculiar  to  Peru,  and  even  to  be  con- 
fined to  certain  valleys  where  it  prevails  as  an  endemicf 

After  hssmorrhages,  inflammatory  diseases  are  those  which 
occur  most  generally  in  the  high  regions  of  which  we  are  speak- 

*  (Esterreichiflche  Med.  Wochenachrift,  1846.  Communicated  by  Dr  £nd- 
licher. 

t  Le  Veraga.  Maladie  end^miqae  dans  le  Peron.  Archives  der  Physiologis- 
chen  Hettkande,  Von  Bosas,  1845. 
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ing.  When  they  affect  the  nervous  centres,  they  are  as  rapid 
in  their  progress  as  they  are  formidable  in  their  consequences. 
The  mountain  sickness  is  often  succeeded  by  an  eruption  very 
like  urticaria,  the  phases  of  which  ought  to  be  watched  with 
great  care,  for  if  the  eruption  become  pale  through  cold  or 
from  any  other  want  of  caution,  symptoms  of  cerebral  excite- 
ment make  their  appearance,  followed  by  stupor,  coma,  and 
death,  in  the  course  of  a  few  hours.  Dr  Tschudi  has  often 
succeeded  in  arresting  this  formidable  meningitis  by  means  of 
copious  bleedings,  and  the  most  energetic  antiphlogistic  treat- 
ment. There  is  another  form  of  cerebral  inflammation  (men- 
ingitis) of  very  frequent  occurrence  among  the  Peruvian  In- 
dians as  a  consequence  of  alcoholic  intoxication.  This  disorder 
is  of  a  very  formidable  character,  since  scarcely  one  out  of  ten 
survives  it,  and  it  is  so  frequent  that  Dr  Tschudi  assigns  to  it 
one-third  of  the  acute  diseases  of  Puna.  Nothing  equals  the 
rapidity  of  its  progress,  for  from  any  excess  in  drinking,  death 
often  follows  in  the  space  of  six  or  eight  hours.  These  facts 
indicate  a  connection  with  the  meningitis  which  prevails  as  an 
epidemic  in  the  north  of  Europe,  chiefly  among  soldiers,  and 
which  likewise  causes  death  in  a  few  hours. 

With  regard  to  pulmonary  inflammations,  they  likewise 
partake  of  the  acuteness  and  rapidity  which  have  just  been 
referred  to,  being  almost  always  accompanied  with  pleuritic 
pains,  so  severe  that  even  the  apathetic  Indian  writhes  like  a 
worm  under  them,  and  betrays  his  suffering  by  the  most  signi- 
ficant gestures.  But  while  the  cerebral  inflammations  demand 
an  active  antiphlogistic  treatment,  this  is  not  the  case  with  the 
pleuro-pneumonia  of  Puna,  which  cannot  be  counteracted  by 
bleeding.  This  method  of  treatment  must  indeed  be  avoided, 
not  only  as  unavailing  to  effect  a  cure,  but  as  even  dangerous, 
for  the  patient  not  unfrequently  sinks  under  the  loss  of  blood. 
The  stimulating  treatment  practised  by  the  Indians  ought 
therefore  to  be  preferred,  which  consists  in  the  use  of  strong 
doses  of  cayenne  pepper  (capsicum).  Under  this  treatment 
copious  transpirations  take  place,  which  are  not  long  in  re- 
moving the  pulmonary  symptoms.  Inflammation  of  the  inner 
parts  of  the  mouth,  of  {he  larynx  and  bronchise,  are  also  fre- 
quently observed  in  Puna. 
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The  skin  often  becomes  chapped,  particularly  in  the  parts  ex- 
posed to  the  contact  of  the  dry  air  of  these  regions ;  a  prick- 
ling  is  felt  in  the  face  and  hands,  accompanied  by  a  burning 
sensation;  they  then  become  covered  with  small  cracks,  which 
are  followed  by  a  pretty  thick  scurf.  This  disorder,  which 
seizes  new-comers,  is  known  in  Puna  by  the  name  of  choun. 
It  is  easily  cured  by  confining  oneself  for  a  considerable  time 
to  a  close  apartment,  kept  at  a  moderate  temperature. 

The  other  diseases  of  the  skin  met  with  in  the  same  circum- 
stances are  erysipelas  and  urticaria. 

Along  with  these,  erysipelatous  rednesses,  and,  under  the  in- 
fluence of  the  dried  air  of  these  lofty  regions,  as  well  as  the 
reflection  of  the  light  from  the  snow,  very  severe  cases  of  oph- 
thalmia make  their  appearance  ;  six  out  of  eight  of  Dr  Tschu- 
di's  guides  were  attacked  on  the  same  day,  and  he  himself 
escaped  only  by  great  precaution.  He  compares  this  ophthal- 
mia with  that  of  Egypt,  and  regards  it  as  contagious  by  means 
of  the  purulent  secretion  which  falls  from  the  affected  eyes. 
The  Indians  suffer  much  more  from  this  disease  than  the 
Creoles,  who  are  better  acquainted  with  the  means  of  guarding 
against  it.  If  it  be  neglected,  and  the  inflammation  become 
very  severe,  it  often  ends  in  different  kinds  of  chronic  affec- 
tions of  the  eyes,  such  as  pannus,  hsdmophthalmia,  hypopion, 
chemosis,  ectropion  and  staphyloma,  which  often  occasion  total 
blindness. 

(To  he  continued.) 


Notes  on  the  Food  of  some  FreshrWater  Fishes^  more  parti- 
cularly the  Vendace  and  Trout.  By  W.  Baird,  M.D., 
F.L.S.,  &c. 

When  we  consider  the  immense  value  of  the  fisheries  of  Great 
Britain,  foreign  and  domestic  (calculated  some  years  ago  by 
Mr  Barrow*  to  produce  not  less  than  eight  millions  sterling  an- 
nually), the  investigation  into  the  nature  of  the  food  of  fishes  is 

*  Eneydopsdis  Britannica,  Art.  FUheriM. 
NEW  SERIB8. VOL.  VI.  KO.  I. JULY  1857.  B 
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eyidently  one  of  no  small  importance.  The  difficulties  attending 
upon  a  complete  knowledge  of  the  subject  are  no  doubt  many 
and  great,  especially  with  regard  to  the  marine  species,  arising 
chiefly  from  our  want  of  information  as  to  their  feeding- 
grounds;  still  something  has  been  done  by  such  men  as  Mr 
Yarrell  and  others,  and  any  new  observations  tending  to  fur- 
ther our  acquaintance  with  the  food  of  these  useful  animals 
cannot  fail  to  be  of  some  value.  The  peculiar  delicacy  of 
flavour  which  distinguishes  some  of  our  fresh-water  fishes  has 
been  long  known  to  depend  upon  the  nature  of  their  food, 
though  it  is  only  in  a  few  instances  that  the  exact  kind  has 
been  ascertained.  Mr  Yarrell,  for  instance,  in  his  valuable 
work  upon  '^  British  Fishes,''  informs  us,  upon  the  authority 
of  the  late  Earl  of  Home,  no  ordinary  observer,  that  the  trout 
in  Berwickshire  differ  very  much,  according  to  the  locality  in 
which  they  are  found.  The  county  of  Berwick  is  divided  into 
two  districts,  a  hilly,  mountainous  region,  and  a  flat,  fertile 
plain.  The  two  principal  rivers  rising  in,  and  flowing  through, 
the  county,  are  the  Blackadder  and  the  Whitadder.  This 
latter  stream  has  its  source  at  an  elevation  of  900  feet  above 
the  level  of  the  sea,  and  flows  over  a  very  rocky  and  gravelly 
bed,  whilst  the  former,  the  Blackadder,  rises  in  deep  mosses, 
and  flows  for  one-half  of  its  course  through  these  mosses,  and 
the  other  half  through  a  rich  and  highly-cultivated  district. 
The  trout  of  the  rapid,  clear,  and  sparkling  Whitadder  are 
fine  silvery  fish,  beautiful  to  look  upon,  but  very  inferior  in 
taste  to  those  of  the  dark,  mossy  Blackadder,  abounding  as  it 
does  in  a  greater  variety  and  quantity  of  food,  and  which  are 
of  a  dark  colour,  almost  black,  with  bright  orange  fins.  Two 
other  smaller  streams,  the  Eden  and  the  Leet,  traverse  part  of 
the  same  county,  both  flowing  through  a  rich,  loamy,  and 
often  marly  soil,  till  they  empty  themselves  into  the  Tweed. 
The  trout  of  these  little  rivers,  according  to  the  late  Lord 
Home,  are  of  a  good  size,  their  bodies  beautifully  marked  with 
bright  red  spots,  and  the  sides  and  fins  of  an  orange  colour. 
The  flesh  is  fully  of  a  deeper  red  than  that  of  the  salmon,  and 
almost  as  highly  flavoured  as  that  prince  of  fresh-water  fishes. 
The  trout  of  the  Tweed,  again,  into  which  these  two  streams 
run,  are  very  inferior,  being  in  comparison  both  lean  and  ill*- 
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flavoured;  and  it  is  worthy  of  remark,  that  as  soon  as  the  fine 
rich  trout  of  the  dull  and  sluggish  Eden  and  Leet  enter  the  ra* 
pid,  clear  waters  of  the  Tweed,  they  begin  to  lose  their  beauty 
and  other  good  qualities;  while,  on  the  other  hand,  when  the 
comparatively  ill-flavoured  trout  of  the  Tweed  ascend  the  Eden 
or  the  Leet,  a  change  of  colour  is  shortly  observed  to  take  place, 
and  they  soon  assume  the  richer  hues  which  distinguish  those 
of  the  tributary  streams.     These  differences  in  the  quality  of 
the  trout  arise,  no  doubt,  from  the  nature  of  the  food  found  in 
these  various  rivers.    A  direct  experiment,  to  ascertain  the 
value  of  different  food  upon  the  growth  and  development  of 
trout  was  tried  some  years  ago.    For  the  details  we  are  in- 
debted to  Mr  Stoddart,  who  mentions  the  result  in  his  "  Art  of 
Angling,  as  practised  in  Scotland."     Several  fish  were  taken 
and  placed  in  three  separate  tanks  of  water.     The  trout 
in  one  of  these  were  supplied  with  worms;  those  in  an- 
other were  supplied  with  live   minnows ;  and  those  in  the 
third  were  fed  upon    small  dark  water-flies.      The    trout 
which  subsisted  upon  worms  grew  slowly,  and  had  a  lean 
appearance;  those  which  were  supplied  with  live  minnows 
became  much  larger ;  whilst  those  which  had  flies  alone  given 
to    them  attained  in  a  short  time  prodigious  dimensions, 
weighing  twice  as  much  as  both  the  others  together.     The 
great  lake  trout,  Salmo  ferox,  is  a  coarse  fish,  and  of  an  indif- 
ferent flavour.    It  is  exceedingly  voracious,  and  feeds  princi- 
pally upon  other  fishes  smaller  than  itself,  the  stomachs  of 
suchspecimens  as  have  been  examined  having  always  been  found 
gorged  with  fish.    The  Lochleven  trout,  S.fario  var.  levenensis, 
on  the  contrary,  is  a  delicious  fish,  and,  as  I  have  stated  in  my 
work  OA  the  "  British  Entomostraca,"  its  food  has  been  found 
to  consist  in  great  part  of  these  minute  and  delicate  little  crus- 
taceans.    The  charr  too,  Salmo  salvelinus,  is  another  excel- 
lent flavoured  fish ;  and  we  are  informed  by  Sir  W.  Jardine,  who 
has  examined  the  stomachs  of  several,  that  their  food  consisted 
of  minute  entomostraca.    To  the  kindness  of  this  distinguished 
naturalist  I  was  indebted  last  autumn  for  an  opportunity  of 
examining  at  leisure  the  nature  of  the  food  of  another  fresh- 
water fish,  of  exquisite  delicacy  and  flavour.     The  Vendace, 
Coregonus  Willughbiij  Jardine,  is  a  native  of  several  of  the 
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small  lochs  that  lie  close  to  the  town  of  Lochmaben  in  Dum- 
friesshire. The  principal  sheet  of  water  is  called  the  Castle 
Loch,  as  upon  its  bank  is  situated  the  old  ruin  known  as 
Bruce's  Castle.  These  fish  are  more  abundant  in  that  loch 
than  in  any  of  the  others,  and,  according  to  the  tradition  of 
the  place,  were  brought  thither  from  the  continent  by  Queen 
Mary.  The  yendace  is  an  elegant  little  fish,  of  from  four  to 
ten  inches  in  length,  and  of  a  pale  greenish-brown  colour  on  the 
upper  parts,  shading  gradually  into  a  clear  and  silvery  white. 
The  flesh  is  white  and  rich,  of  a  delicate  flavour,  and  highly 
esteemed  as  an  article  of  food.  It  is  so  delicate,  indeed,  that  it 
cannot  be  transported  to  any  distance  ;  and  to  be  duly  appre- 
ciated must  be  eaten  on  the  spot.  It  is  well  known  to  sports- 
men that  this  little  fish  had  never  been  caught  with  an  angle,* 
and  that  it  could  not  be  taken  with  any  bait,  the  only  way  in 
which  it  is  captured  being  by  means  of  a  net.  Some  years 
ago  Dr  Enox  of  Edinburgh  examined  the  stomachs  of  one  or 
two  specimens,  and  found  the  contents  to  consist  of  minute 
entomostraca.  In  a  paper  on  the  food  of  the  sahnon,  her- 
ring, and  vendace,  published  in  the  '^  Transactions  of  the  Royal 
Society  of  Edinburgh,"  in  1832,  he  mentioned  this  fact,  and 
gave  rough  figures  of  two  difierent  species.  Mr  Yarrell  also 
examined  the  contents  of  the  stomachs  of  one  or  two  speci- 
mens, and  in  his  valuable  work  on  '*  British  Fishes'*  has  re- 
iterated Dr  Enox's  statement,  and  likewise  figured  the  spe- 
cies. Both  these  gentlemen,  however,  had  only  specimens  of 
vendace  to  examine  which  had  been  preserved  in  spirit,  and 
accordingly  the  animals  found  in  the  stomachs  were  so  much  de- 
composed that  their  figures  are  not  to  be  relied  upon.  Those  of 
Dr  Ejiox  (at  least  one  of  them)  are  too  indistinct  to  enable 
the  species  to  be  determined  with  precision,  while  those  of  Mr 
Yarrell  appear  to  me  to  be  merely  copies  of  specimens  figured 
by  Jurine.  Having  had  the  pleasure,  however,  last  year,  of 
accompanying  Sir  W.  Jardine  to  the  genial  meeting  of  the 
Vendace  Club,  which  takes  place  annually  on  the  1st  day  of 
August,  at  the  Castle  Loch  at  Lochmaben,  I  had  an  opportunity 

*  An  iDstance  to  the  contrary  has  heen  mentioned  hj  Dr  Davy  in  the  laet 
number  of  this  Joomal,  p.  348,  where  he  states  that  he  saw  a  specimen  cap- 
tured in  one  of  the  Cumberland  lakes — "  an  uncommon  incident." 
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of  examining  the  stomachs  of  several  specimens  immediately 
upon  their  being  taken  from  the  water.  The  fish  themselves 
were  in  excellent  condition,  fat,  and  evidently  well  fed ;  and,  as 
I  had  an  opportunity  afterwards  of  testing  at  the  Club  dinner, 
exceedingly  well-flavoured.  The  stomachs  of  those  examined 
I  found  to  be  quite  full,  and  containing  myriads  of  a  minute 
Entomostracan  new  to  Great  Britain,  and  which,  I  believe, 
has  hitherto  never  been  described,  though  in  all  probability 
it  is  one  of  those  roughly  figured  by  Dr  Enox,  in  his  paper 
alluded  to.  It  belongs  to  the  family  DaphniidaSf  and  genus 
Bosmina;  and  I  propose  giving  it  the  name  of  £.  Coregoni. 
This  genus  was  founded  by  me  in  1845,  in  the  "  Berwickshire 
Naturalists'  Club,"  to  contain  those  species  of  the  old  genus 
Dapkniaf  which  are  characterized  by  having  the  superior  an- 
tennae long,  and  taking  their  origin  from  the  extremity  of  the 
beak.  Only  one  species  has  hitherto  been  described  in  Great 
Britain,  B.  longirostris^  a  minute  creature,  the  anterior  por- 
tion of  the  carapace  of  which  terminates  at  the  inferior  angle 
in  a  sharp  point  or  spine.  The  present  species  differs  from  it 
in  being  longer,  having  the  superior  antennae  much  longer,  the 
carapace  greatly  more  rounded,  and  the  inferior  angle  not  ter- 
minating in  the  sharp  spine. 

As  I  have  already  mentioned,  there  were  myriads  of  these 
little  creatures  in  each  stomach  I  opened ;  and  upon  examining 
the  mouth  of  the  vendace,  a  curious  and  very  interesting 
structure  is  observable,  which  appears  to  be  well  adapted  for 
enabling  this  fish  to  catch  its  prey.  The  mouth  is  small,  and 
is  unprovided  with  teeth,  except  a  few  small  ones  on  the 
tongue,  but  upon  opening  it,  and  looking  down,  we  observe  that 
the  arches  of  the  gills  are  furnished  on  the  inner  side  with 
numerous  long  processes,  each  of  which  is  barbed  on  both 
sides,  and  project  into  the  cavity  of  the  mouth.  Meeting  those 
of  the  gill-arch  on  the  opposite  side,  these  barbed  processes 
form  a  complete  strainer,  arresting  even  such  minute  creatures 
as  these  entomostraca.  The  fish,  swimming  through  the 
midst  of  a  dense  shoal  of  these  little  crustaceans,  must  take  in 
thousands  along  with  the  water  which  it  imbibes,  but  instead 
of  being  expelled  along  with  this  water,  which  flows  over  the 
surface  of  the  gill  and  escapes  from  under  the  gill-coversi  they 
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are  arrested  in  their  progress,  and  detained  there  till  a  quantity 
is  collected  sufficient  to  be  swallowed.* 

It  is  not  my  intention  to  enter  into  the  history  of  the  yen- 
dace ;  but  a  few  remarks  upon  its  geographical  distribution 
may  not  be  uninteresting.  It  was  at  one  time  believed  to  be 
exclusively  confined  to  the  Castle  Loch  of  Lochmaben,  but  Sir 
William  Jardine,  in  his  paper  in  the  *'  Journal  of  Geographical 
and  Physical  Science,"  has  shown  that  this  is  not  the  case,  as 
it  is  found  in  several  of  the  other  lochs  in  that  neighbourhood. 
An  allied  species,  locally  known  by  the  name  of  Schelly^  has 
been  long  known  to  inhabit  some  of  the  lakes  of  Cumber- 
land, and  Dr  Davy  has  recently  proved  that  the  Lochmaben 
fish  is  also  found  in  Derwentwater.f  This  specimen  was  after- 
wards transmitted  to  Sir  William  Jardine,  and  in  a  letter 
received  by  me  from  him  on  the  subject,  he  says,  "  I  can- 
not make  out  a  specific  difierence.  At  the  same  time,  the 
fish  is  of  a  stouter  make,  and  the  proportions  of  the  parts  a 
little  stronger.  When  looked  at  together  there  ia  a  difference, 
but  if  placed  before  you  singly,  you  would  at  once  say  they 
are  one  species."  The  same  species,  under  the  name  of  Owy- 
niad,  is  well  known  to  exist  also  in  Bala  Lake,  North  Wales. 
Sir  W.  Jardine  writes  to  me  in  the  end  of  November  last 
(1856)  that  he  had  then  before  him  a  fish  from  that  locality, 
and  upon  comparing  it  with  his  own  specimens  of  the  Loch- 
maben vendace,  he  *'  durst  not  make  it  distinct,  though  very 
slight  variations  did  exist  in  the  outline  of  the  opercula."  In 
the  same  letter  he  adds,  '^  this  is  an  important  fact,  breaking 
down  the  very  restricted  locality,  which  I  never  had  much 
faith  in."  "  When  the  Lochmaben  fish,"  he  continued,  "  was 
shown  to  Agassiz,  he  said  it  was  undoubtedly  different  from 
the  Swiss  species.  I  doubt  this  now,  but  have  not  been  able 
to  procure  specimens."  Sir  John  Richardson,  in  his  valuable 
article  "  Ichthyology,"  in  the  last  edition  of  the  Encyclopsedia 
Britannica,  remarks  that,  according  to  M.  Valenciennes,  the 

*  This  curious  structure  was  first  pointed  out  to  me  by  Sir  W.  Jardine. 

t  See  Dr  Davy's  paper  in  last  number  of  this  Journal,  p.  847.  When  the 
present  paper  was  drawn  up,  and  read  before  the  Linnean  Society,  I  was  not 
aware  that  Dr  Davy  had  communicated  his  notice  to  this  Journal.  Otherwise 
I  should  have  been  glad  to  have  quoted  more  freely  from  his  interesting  notes 
upon  this  subject. — W.  B. 
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Coregonus  Willughhii^  or  Lochmaben  vendace,  is  identical 
with  the  Coregonus  (salmo)  albulay-  Linneeus,  of  the  Fauna 
Suecica ;  and  that  it  occurs  in  Dalecarlia  and  Lake  Miaes,  in 
Silesia,  Brandenburg,  Pomerania,  and  Mecklenbourg,  and 
that  an  extremely  similar,  if  not  identical,  species  has  been 
found  even  in  Kamtschatka.  Far  from  being  restricted,  there- 
fore, in  its  habitat,  the  vendace  would  appear,  on  the  contrary, 
to  have  a  wide  geographical  distribution;  and,  under  what- 
ever name  it  may  ultimately  be  described,  it  is  now  found  in 
the  lake  district  of  England  and  in  Wales,  and  (on  the  au- 
thority of  Yarrell)  the  C,  maroBnula^  Jenyns,  must  now  rank 
only  as  synonymous  with  the  Coregonus  albula^  Linnaeus.*  I 
am  indebted  to  Sir  W,  Jardine  for  an  opportunity  of  ex- 
amining the  stomachs  of  the  two  fishes  mentioned  above,  as 
taken  in  Bala  Lake  and  Derwentwater,  but  the  result  has 
shown  a  considerable  difference  in  the  nature  of  the  food 
from  those  of  Lochmaben,  arising  probably  from  the  season 
of  the  year  in  which  they  were  caught,  viz.,  winter.  The 
stomach  of  the  Derwentwater  fish  was  completely  empty, 
while  that  of  the  Bala  Lake  specitnen  contained  the  debris  of 
numerous  aquatic  insects,  such  as  the  larvae  of  tipulae,  the 
larvsB  of  small  water-beetles,  most  probably  a  species  of  Hy- 
droporuSf  and  the  remains  of  some  specimens  of  the  perfect 
insect  itself. 

The  same  friend  has  also  kindly  supplied  me  with  the  sto-  ' 
machs  of  two  specimens  of  the  common  trout  from  Galloway. 
Though  the  fact  has  long  been  known  that  great  part  of  the 
food  of  these  fish  consists  of  entomostraca,  I  believe  none  of 
the  species  found  in  their  stomachs  have  ever  been  properly 
ascertained.  One  of  these  trout  was  caught  in  a  small  loch  in 
Galloway,  and  the  water  at  the  time  was  observed  to  be  pecu- 
liarly prolific  in  small  insects,  &c.  Upon  examining  the  sto- 
mach, I  found  that  it  contained  a  mass  of  entomostraca  in  all 
states  of  decomposition.  Many  specimens,  however,  were  quite 
perfect,  and  I  was  delighted  to  find  that  the  species  upon 
which  this  trout  had  been  feasting  was  one  hitherto  unknown 
to  naturalists.     The  specimens,  as  far  as  I  could  judge,  were 

*  See  alBO,  upon  this  subject,  Sir  W.  Jardine's  note  to  Dr  Davy's  paper,  in 
last  number  of  this  Journal,  p.  SSC* 
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all  of  the  same  species.  This  little  entomostracan  belongs  to 
the  family  DaphniidcB^  and  forms  a  species  of  the  genus 
Daphnia^  or  water-flea.  I  propose  the  name  for  it  of  Daphnia 
Jardinii.  Its  distinguishing  characters,  and  which  separate 
it  from  all  other  species  known  to  me,  are,  Ist^  The  shape  of 
the  head,  which  in  some  respects  resembles  that  of  Daphnia 
mucronaUiy  MtLlIer ;  and,  2d,  The  lengthened  form  of  the  body 
and  terminal  spine  of  the  carapace,  which  corresponds  pretty 
nearly  with  the  D.  longispina  of  the  same  author.  These  two 
characters,  united  in  the  same  species,  separate  it  from  all 
others  belonging  to  the  genus. 

The  other  trout  was  taken  at  Bam  Hourie,  and  its  stomach 
contained  a  mass  of  entomostraca  of  a  totally  different  spe- 
cies. Unfortunately,  however,  the  process  of  digestion  had 
advanced  farther  in  this  trout  than  in  the  other,  and  I  was 
unable  to  determine  the  species  to  which  it  could  be  referred. 
The  specimens  were  numerous,  and  appeared  to  be  confined  to 
one  species  alone.  It  belongs  to  the  family  Cypridida^y  or 
those  entomostraca  in  which  the  body  of  the  animal  is  con- 
tained within  a  carapace  of  two  valves,  exactly  resembling  a 
small  bivalve  shell.  The  carapace,  however,'  from  which  the 
specific  characters  are  chiefly  taken,  was  so  completely  di- 
gested that  no  trace  of  it  was  left,  the  only  parts  remaining 
being  the  harder  portions  of  the  body  of  the  animal,  as  its 
maxillae,  natatory  organs,  or  antennae,  and  its  feet.  From  these 
I  was  able  merely  to  ascertain  that  the  species  belonged  to 
the  genus  Cypris;  but  I  hope  some  future  time  to  have  an 
opportunity  of  examining  a  trout  from  the  same  water  before 
its  dinner  has  been  so  far  digested. 

Description  of  Species  of  EiUomostraca, 

1.  Bosmina  Coregoni. — Oarapaz  Bphnricas,  yalyulfle,  in  parte  inferioie, 
rotimdaUe;  antenne  saperiores  perlongs,  longitudinis  corporis  totL  Long, 
i  linea.    Hah,  in  Tentriculo  Coregoni  Willughbii,  in  lacu  "  Lochmaben." 

2.  Daphnia  i/arefmn.— Caput  triangulares  vertice  mucronato;  yal- 
Tulse  carapacis,  in  dorso,  rotundats,  pars  inferior  mucrone  longo  termi- 
nata;  pars  anterior  aicnata.  Long,  ^  linea.  Hah,  in  yentrienb  Sal- 
monis  farionis  in  comitatu  Kircudbright. 
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On  the  Influence  of  Magneiiam  on  Chemical  Action — 
(continued.)    By  H.  F.  Baxtee,  Esq, 

Haying  already  treated  of  the  influence  of  magnetism  in 
its  static  or  quiescent  condition  on  chemical  action*  we  shall 
now  speak  of  its  influence  in  its  dynamic  condition,  or  when 
in  vfiotion\  and  this  will  form  the  second  part  of  our  inquiry. 

Part  II. — The  Influence  of  Magnetism  in  its  dynamic  con- 
dition^ or  vjhen  in  motion,  on  Chemical  A  ction. 

We  need  scarcely  remark,  that  the  subject  of  our  present 
paper  necessarily  involyes  the  following  question,  Can  mag- 
neto-electric  induction  occur  in  fluids  (in  electrolytes  ?)  and 
we  shall  of  necessity  have  to  refer  to  experiments  bearing 
upon  this  point. 

In  speaking  of  the  results  obtained  by  Fresnel  and  others, 
Ampere,  according  to  Becquerel,  ''d,  avance  que  les  efiets 
chimiques  que  Pon  d  attribu^s,  dans  quelques  cas,  It  Taction 
des  aimants,  pourraient  bien  provenir  des  courants  que  ces 
memos  aimants  developpent  par  influence.  II  It  fait  Tappli- 
cation  de  son  principe  a  la  decomposition  de  I'eau  que  Fresnel 
avait  cru  un  instant  avoir  produite  avec  des  aimants.  U  dit 
que  les  courants  par  induction  ^tant  instantan^s,  ne  peuvent 
produire  de  d^ompositions ;  mais  les  variations  d'intensitd  du 
magnetisme  des  barreauz,  qui  ont  lieu  en  raison  des  change- 
ments  continuels  de  temperature,  peuvent  produire  un  efiidt 
semblable  si  celui  que  Ton  obtient  quand  Ton  approche  et  que 
Ton  eioigne  successivement  un  aimant  des  fils  de  m^tal. 
Voilsl  comment  il  explique  la  continuity  du  courant  et  celle 
de  Taction  chimique  qu*il  produit.''t 

Faraday,  in  several  of  his  researches  on  magneto-electric 
induction,  has  endeavoured  to  ascertain  whether  a  current 
might  not  be  induced  in  other  liquid  conductors  besides  mer- 
cury.    "  The  relation,"  he  says,  *•  of  the  induced  current  to 

*  Edinburgh  New  PhUoiophical  Joamal,  New  Series,  vol.  v.  p.  235. 
t  Becquerel  <*  Tr«it6  de  TElectricit^/'  t.  i.  p.  384. 
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the  electro-conducting  power  of  the  substance,  amongst  the 
metals  (3152),  leads  to  the  presumption,  that  with  other  bodies, 
as  water,  wax,  glass,  &c.,  it  is  absent  only  in  consequence  of 

the  great  deficiency  of  conducting  power I  thought 

that  processes  analogous  to  those  employed  with  the  metals 
might,  in  such  non-conductors  as  shell-lac,  sulphur,  &c.,  yield 
some  results  of  static  electricity  (181, 191) ;  and  have  made 
many  experiments  with  this  view  in  the  intense  magnetic  field, 
but  without  any  distinct  result."* 

It  is  not  without  great  diffidence  that  we  enter  upon  the 
present  investigation,  or  even  suppose  that  any  attempt  on 
our  part  could  lead  to  a  successful  result  in  elucidating  this 
question.  The  strong  conviction,  however,  which  appears  to 
exist,  that  the  absence  of  the  current  is  due  solely  to  the  want 
of  conducting  power  in  the  solutions,  led  us  to  hope,  that  by 
perseverance  we  might  ultimately  obtain  some  evidence  of  its 
existence :  how  far  our  attempts  have  been  successful  remains 
to  be  seen. 

We  shall  not  enter  into  any  detail  of  the  general  facts  of 
magneto-electric  induction,  as  made  known  bj  Arago,  Fara- 
day, Ampere,  Nobili,  and  a  host  of  other  philosophers,  as  these 
are  to  be  found  in  the  treatises  of  Becquerelf  and  of  De  la 

*  "  Experimental  Researches/'  series  zxviii.,  para.  3171.  Since  this  paper 
was  drawn  up,  we  find  that  we  have  committed  a  great  oversight  in  not  having 
become  acquainted  untU  now  with  a  letter  by  Faraday  to  Professor  De  la  Rive, 
*'  On  Electro'dynamic  Induction  in  Liquids  "  and  inserted  in  the  FhU.  Mag. 
for  April  1854.  We  are  glad  in  having  the  opportunity  of  referring  to  this 
paper,  and  only  wish  we  had  been  aware  of  it  before.  Professor  Faraday's 
experiments  were  different  from  those  we  have  related ;  and  we  cannot  do 
better  than  to  refer  to  the  letter  itself.  He  concludes  by  stating,  "  I  consider 
the  excitement  of  induction-currents  in  liquids  not  metallic  as  proved ;  and, 
as  far  as  I  can  judge,  they  are  proportionate  in  strength  to  the  conducting 
power  of  the  body  in  which  they  are  generated.  Whether  the  conduction,  by 
virtue  of  which  they  occur,  is  electrolytic  in  character  or  conduction  proper,  I 
cannot  say.  The  present  phenomena  do  not  aid  to  settle  that  question ;  be* 
cause  the  induced  current  may  exist  by  either  the  one  or  the  other  process.  I 
believe  conduction  proper  exists ;  and  that  a  very  weak  induction-current  may 
pass  altogether  by  it,  exerting  for  the  time  only  a  tendency  to  electrolysis, 
whilst  a  stronger  current  may  pass  partly  by  it,  and  partly  by  full  electrolytic 
action." 

t  Trait6  de  TElectncit^  et  du  Magn^tisme. 
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Rive  ;*  but  it  may  not  perhaps  be  considered  unnecessary  to 
state  the  general  principle,  as  deduced  by  Faraday ,t  from 
his  investigations : — ''  If  a  continuous  circuit  of  conducting 
matter  be  traced  out,  or  conceived  of,  either  in  a  solid  or  fluid 
mass  of  metal,  or  conducting  matter,  or  in  wires  or  bars  of 
metal,  arranged  in  non-conducting  matter  or  space ;  which, 
being  moved,  crosses  lines  of  magnetic  force,  or,  being  still,  is, 
by  the  translation  of  a  magnet,  crossed  by  such  lines  of  force ; 
and  further,  if,  by  inequality  of  angular  motion,  or  by  con- 
trary motion  of  different  parts  of  the  circuit,  or  by  inequality 
of  the  motion  in  the  same  direction,  one  part  crosses  either 
more  or  fewer  lines  than  the  other,  then  a  current  will  exist 
round  it  due  to  the  differential  relation  of  the  two  or  more 
intersecting  parts  during  the  time  of  the  motion ;  the  direction 
of  which  current  will  be  determined  (with  lines  having  a  given 
direction  of  polarity)  by  the  direction  of  the  intersection,  com- 
bined with  the  relative  amount  of  the  intersection  in  the  two 
or  more  efficient  and  determining  (or  intersecting)  parts  of 
the  circuit." 

Our  first  experiments  were  conducted  in  the  following  man- 
ner:— The  large  electro-magnet  (Professor  Wheatstone's), 
which  we  have  already  described  in  our  former  paper,  was 
placed  about  six  feet  from  the  galvanometer,  the  line  of  the 
magnetic  poles  being  in  the  same  line  as  that  of  the  needles  of 
the  galvanometer.  A  thick  glass  tube,  half  an  inch  in  internal 
diameter,  and  six  inches  in  length,  contained  the  solution 
(either  a  saturated  solution  of  common  salt,  or  an  acid  solu- 
tion, consisting  of  1  part  strong  sulphuric  acid  and  6  of  water)  ; 
into  each  end  a  platinum  wire,  eleven  inches  in  length  and 
fVth  of  an  inch  thick,  was  inserted  by  means  of  a  cork,  about 
half  an  inch  of  the  wire  being  immersed  in  the  solution,  and 
the  projecting  part  bent  at  right  angles ;  the  other  extremities 
of  the  platinum  wire  were  attached  by  means  of  binding- 
screws  to  two  copper  wires,  each  about  six  feet  in  length, 

*  Treatise  on  Electricity. 

t  "  Experimental  Researches,"  series  zzviii.,  para.  3087.  We  may  also  refer 
to  the  principle,  as  established  by  Lenz.  Vide  "Treatise  on  Electricity,''  by 
I)e  la  Rive,  vol.  ii.  p.  15. 
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and  ^^th  of  an  inch  thick,  ^y  which  they  were  connected  with 
the  galvanometer.  A  piece  of  wood  was  attached  across  the 
wires  at  the  point  where  the  binding-screws  were  connected, 
so  as  to  keep  the  wires  firm  and  steady,  and  in  the  centre  a 
string  was  fastened,  which  passed  through  a  pulley  above ;  to 
the  under  part  a  brass  weight  was  tied ;  and  by  these  means 
the  wires  could  be  raised  or  lowered  at  pleasure,  while  standing 
at  the  galvanometer.  Near  the  galvanometer  the  wires  were 
firmly  fastened  down  by  means  of  string,  so  as  to  prevent  any 
motion  of  the  whole  instrument. 

The  QalvanomeUr  consisted  of  but  few  coils ;  and  upon 
bringing  the  electro-magnet  into  action  scarcely  any  effect 
was  produced  upon  the  instrument. 

The  Eleetro-magnet  was  excited  by  six  of  Ghrove's  middling- 
sized  cells,  and  to  concentrate  the  power,  one  of  the  soft-iron 
armatures  was  employed,  leaving  a  space  of  about  an  inch  be- 
tween the  poles. 

We  shall  not  detail  each  experiment,  but  give  the  general 
results. 

When  the  circuit  was  first  completed,  whichever  solution 
was  employed,  an  effect  occurred  upon  the  needle.  The  cir- 
cuit was  kept  closed,  and  after  some  time  the  tube  was  raised 
and  lowered  between  the  poles  before  the  electro-magnet  was 
excited  ;  a  slight  tremulous  motion  of  the  needle  was  gene- 
rally produced.  Upon  exciting  the  electro-magnet,  and  then 
repeating  the  experiment,  a  slight  effect  appeared  to  be  pro- 
duced, and  continued  for  some  time,  but  ultimately  sub- 
sided. Upon  passing  a  loop  of  single  wire  between  the  poles 
we  could  always  obtain  an  effect,  constant  and  definite,  the 
direction  of  the  current  depending  upon  the  pole ;  but  with 
the  solution,  the  effect  upon  the  needle  gave  satisfactory  in- 
dications, although  trifling,  for  a  short  time,  and  the  results 
would  then  become  perplexing,  and  this  with  either  of  the  so- 
lutions. To  whatever  cause  the  effects  were  due,  whether  to 
chemical  action  on  the  electrodes,  or  to  the  wires  intersecting  the 
lines  of  magnetic  force  arising  from  the  earth,  or  those  from 
the  magnet,  or  to  the  effects  of  magneto^electric  induction  which 
we  were  seeking,  they  could,  at  any  rate,  traverse  the  solution. 
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To  avoid  the  effect,  if  any,  due  to  the  motion  of  the  wires 
fonning  the  circuit,  in  our  next  experimeAts  the  electro-magnet 
was  arranged  in  the  following  manner.  The  poles,  instead  of 
looking  upwards,  looked  towards  the  north,  the  magnet  rest- 
ing on  one  of  its  sides,  the  two  poles  being  in  the  same  per- 
pendicular plane. 

Thicker  copper  wires,  ^th  of  an  inch  thick,  were  connected 
with  the  galvanometer,  their  free  extremities  dipping  either 
into  two  mercurial  cups,  or  being  connected  with  the  platinum 
electrodes  by  means  of  binding-screws.  A  glass  tube,  {ths  of 
an  inch  in  internal  diameter  and  10  inches  in  length,  was  bent 
at  each  extremity  at  right  angles,  at  one  extremity  to  the  ex- 
tent of  an  inch,  and  at  the  other  to  the  extent  of  'an  inch  and 
a  half,  and  in  the  same  direction.  Into  the  former  the  plati- 
num wire  was  inserted  by  means  of  a  cork,  and  also  bent  at 
right  angles  to  the  extent  of  an  inch,  the  other  extremity  was 
connected  by  means  of  the  binding-screw,  or  mercurial  cup, 
with  the  copper  wire ;  but  this  platinum  wire  was  fastened 
firmly  on  to  a  piece  of  wood,  so  that  the  glass  tube  could  rotate 
upon  that  portion  which  formed  its  axis.  A  piece  of  membrane 
was  tied  over  the  other  end  of  the  glass  tube,  to  confine  the 
solution,  and  this  dipped  into  a  shallow  dish  containing  the 
same  solution,  and  which  was  placed  between  the  poles  of  the 
electro-magnet.  Into  this  basin  the  other  platinum  electrode, 
formedof  apiece  of  platinum  foil  four  inches  long  and  two  broad, 
being  connected  with  the  other  copper  wire  by  means  of  a 
copper  clamp,  dipped.  By  this  arrangement  we  had  the  op- 
portunity of  passing  the  tube  between  the  poles  of  the  electro- 
magnet without  moving  the  wires ;  but  to  effect  this,  whilst 
standing  at  the  galvanometer,  a  long  piece  of  wood,  which 
worked  upon  a  pivot,  just  over  the  axis  of  the  tube  was  used, 
and  to  this  end  the  tube  was  fastened,  the  other  extremity,  the 
long  end,  serving  as  a  handle ;  this  served  also  as  a  means  of 
support  to  the  tube  during  the  rotation,  and  in  order  to  obtain, 
occasionally,  as  great  amount  of  rotation  as  we  could,  a  piece 
of  string  was  attached  to  the  handle. 

Upon  the  first  completion  of  the  circuit,  as  in  the  former 
experiments,  an  effect  occurred  upon  the  needle ;  and  rotating 
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the  tube  to  and  fro  occasioned  a  constant  current ;  but  this 
in  a  great  measure  subsided,  although  there  was  a  constant 
effect.  When  the  tube  was  placed  directly  in  front  of  the 
poles,  the  magnet  being  excited,  so  that  three  inches  should 
pass  between  the  poles,  then,  upon  rotating  the  tube,  no  ef- 
fect beyond  that  of  mere  rotation  appeared  to  occur.  When 
an  inch  and  a  half  only  passed  between  the  poles  more  de- 
cided effects  appeared.  Generally  speaking,  the  platinum 
electrode  in  the  dish  was  positive.  When  the  upper  pole  of 
the  electro-magnet  corresponded  to  the  marked  pole,  and  the 
rotation  of  the  tube  was  from  left  to  right,  a  greater  effect  ap- 
peared upon  the  needle  than  when  the  rotation  was  from  right 
to  left ;  or  when  the  poles  were  reversed,  similar  effects  ap- 
peared upon  reversing  the  rotation.  It  was  very  seldom  how- 
ever that  we  could  obtain  such  definite  results  as  we  could 
wish.  K  the  current  consequent  upon  the  arrangement  of  the 
circuit  were  powerful,  no  definite  result  could  be  obtained ;  it 
was  only  when  the  circuit  current  was  trifling  that  the  effects 
appeared. 

The  tube  was  arranged  so  as  to  pass  between  the  sides  of 
the  poles,  but  this  made  no  difference.  There  was  one  cir- 
cumstance, however,  which  appeared  worthy  of  notice,  viz.,  that 
the  effects  did  not  appear  so  striking  when  nearly  the  whole  of 
the  tube  was  between  the  poles  as  when  a  small  portion — ^two 
inches — ^alone  was  introduced. 

Instead  of  making  the  extremity  of  the  tube  dip  into  the  so- 
lution, mercury  was  employed  as  the  conductor,  in  the  fol- 
lowing manner : — the  membrane  was  removed,  and  a  cork,  with 
a  piece  of  platinum  wire,  two  inches  long,  inserted  into  it, 
closed  the  tube,  about  an  inch  of  the  wire  protruding.  Some 
mercury  was  placed  in  a  shallow  plate,  about  six  inches  in 
diameter,  and  the  platinum  foil  served  as  the  electrode,  as  be- 
fore. With  this  arrangement  the  results  obtained  were  simi- 
lar to  those  in  the  last  experiments ;  there  was  no  decided  in- 
crease in  the  effect  upon  the  galvanometer  as  we  expected. 
When  the  upper  pole  was  the  marked  pole,  the  electrode  in 
contact  with  the  mercury  was  positive^  upon  rotating  the  tube 
fi*om  left  to  right,  or  from  east  to  west.    We  could  not  obtain 
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those  reyersed  effects  as  we  could  have  wished ;  they  occurred 
occasionally,  but  were  not  permanent. 

The  effects  were  only  obtained  with  the  solutions,  and  were 
not  observed  when  distilled  water  alone  was  used. 

As  the  results  are  so  masked  by  the  effects  that  might  arise 
from  electro-chemical  actions,  and  a  constant  effect  being  con- 
tinually produced  upon  the  needle  during  the  motion  of  the 
tube,  we  were  as  much  perplexed  in  these  experiments  by  the 
results  that  might  arise  during  the  motion  of  the  fluid  por- 
tion of  the  circuit  in  the  present  instance  as  we  were  before, 
from  the  effects  that  might  arise  from  the  motion  of  the  wires. 
We  were  now  led  to  the  experiments  in  which  the  magnet 
was  the  moving  part. 

The  soft-iron  bar  and  helix  employed  has  been  already  de- 
scribed in  our  former  paper.  The  bar  was  suspended  verti- 
cally to  the  axis  of  a  wheel  moving  horizontally,  and  which 
was  fixed  on  the  upper  part  of  a  stand,  the  centre  of  the  board 
being  cut  out.  The  stand  was  four  feet  high,  and  supported 
upon  four  legs.  By  means  of  a  vertical  wheel  with  a  handle, 
which  was  attached  to  the  side  of  the  stand  by  a  cross-beam, 
and  by  pulleys  fixed  on  the  upper  part  of  the  stand, — ^a  string 
surrounding  the  two  wheels, — ^motion  could  be  given  to  the  upper 
wheel.  The  helix  was  suspended,  and  firmly  fixed  by  cords, 
having  the  iron  bar  within.  The  lower  end  of  the  bar  was 
placed  in  a  small  glass  jar,  heavy,  and  a  little  larger  in  dia- 
meter than  that  of  the  bar,  so  as  to  avoid  any  motion  of  the 
fluid  during  its  rotation,  and  likewise  any  chemical  action 
from  occurring  upon  it. 

A  shallow  basin,  six  inches  in  diameter  and  an  inch  and  a 
half  in  depth,  contained  the  solution.  A  piece  of  platinum 
foil  three  inches  and  a  quarter  in  length,  and  an  inch  and  a 
quarter  in  breadth,  was  placed  upon  the  bottom  of  the  basin, 
the  small  glass  jar  containing  the  pole  of  the  electro-magnet 
being  upon  it ;  this  formed  the  lower  electrode.  The  upper 
electrode  consisted  of  a  similar  piece  of  platinum  foil,  or  some- 
times two  narrow  strips,  so  as  to  pass  on  each  side  of  the  jar 
horizontally  or  vertically.  The  electrodes  communicated 
with  two  wooden  cups  containing  mercury,  the  lower  one  by 
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means  of  a  platinum  wire,  bent  so  as  to  dip  into  the  fluid  and 
press  upon  the  platinum  foil,  being  coated  with  sealing-wax 
for  two  inches,  leaving  about  a  quarter  of  an  inch  bare  at  the 
extremity,  so  as  to  prevent  any  current  being  conducted  from 
the  other  electrode,  which  communicated  with  the  mercury  by 
means  of  a  copper  clamp. 

The  Galvanometer  was  placed  about  3  feet  from  the  pole 
of  the  magnet,  and  on  a  level  with  it.  The  communfoation  be- 
tween it  and  the  mercurial  cups  was  formed  by  pieces  of  copper 
wire  ^th  of  an  inch  thick  and  3  feet  in  length.  At  this  dis- 
tance, when  the  electro-magnet  was  excited,  no  sensible  effect 
was  produced  upon  the  needle,  and  when  the  bar  was  made  to 
rotate,  a  slight  tremulous  motion  sometimes  occurred. 

We  need  scarcely  add,  that  great  care  was  required  to  have 
the  contacts  perfect,  and  the  platinum  electrodes  thoroughly 
cleansed. 

The  electrodes  being  rather  more  than  an  inch  apart,  the 
basin  was  filled  with  the  acid  solution,  so  as  just  to  cover  the 
surface  of  the  upper  electrode.  The  circuit  being  completed, 
an  effect  occurred  upon  the  needle,  varying  as  to  amount ;  this 
soon  subsided ;  but  it  generally  happened  that  one  of  the  elec- 
trodes continued  positive  throughout  the  experiment.  Upon 
rotating  the  bar,  the  magnet  being  excited,  a  slight  motion 
was  observed  upon  the  needle,  and,  by  catching  the  vibrations 
of  the  needle  at  proper  times  an  effect  of  3^  or  4°  could  be  ul- 
timately obtained ;  and  by  reversing  the  rotation  of  the  bar, 
an  effect  upon  the  needle  was  obtained  in  the  opposite  direction, 
amounting  perhaps  to  as  many  degrees.  When  the  lower  pole 
was  north,  or  corresponding  to  the  marked  end  of  the  needle, 
and  the  bar  rotated  like  the  hands  of  a  watch,  the  face  looking 
downwards,  the  lower  electrode  was  positive^  i.e.^  coincided 
with  the  platinum  plate  of  a  simple  voltaic  circle.  When  it 
rotated  in  the  opposite  direction  the  upper  electrode  was  then 
positive,* 

*  Mr  Hunt  records  an  experiment  (PAt7.  Mag.^  April  1848),  in  which  he 
placed  a  helix,  surrounding  an  iron  wire,  in  an  electrolyte,  and  upon  complet- 
ing the  circuit  of  the  helix  to  magnetize  the  wire,  an  effect  occurred  upon  the 
needle.    "  In  every  instance,"  he  says,  "  upon  either  making  or  breaking  con- 
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There  was  sometliing  peculiar  in  the  motion  of  the  needle,  for 
it  was  very  steady  or  slow  in  its  movement,  acting  as  if  time 
was  required,  and  it  was  diflScult  to  know  when  to  catch  the 
vibrations.  There  was  not  that  sharp,  quick  motion  usually 
observed  when  studying  electro-chemical  effects ;  and  it  was 
only  when  a  quick  and  sharp  rotatory  movement  was  impressed 
upon  the  bar  that  it  became  quickened. 

One  or  two  other  circumstances  were  observed  which  ap- 
pear deserving  of  notice.  Upon  rotating  the  bar  in  one  di- 
rection, it  sometimes  happened  that  no  effect  was  produced, 
but  upon  rotating  it  in  the  contrary  direction,  the  current 
was  easily  procured,  and  in  the  normal  direction.  Again, 
upon  rotating  the  bar  in  either  direction  the  normal  effect  was . 
produced,  viz.,  3®  or  4°  in  both  directions ;  but  occasionally 
the  needle  would  suddenly  move  10^  or  15°,  or  more,  as  if  a  sud- 
den impulse  had  been  given  to  it ;  and  whenever  the  rotation 
coincided  with  that  direction,  this  increased  amount  would 
continue.  Now,  these  effects,  we  are  inclined  to  believe,  are  due, 
the  first  to  the  current  which  existed  in  the  circuit,  and  which 
may  be  called  the  circuit-current,  being  too  powerful  to  allow 
the  normal  current  to  travel  in  the  opposite  direction ;  and  the 
second,  to  the  circumstance  that  a  sudden  chemical  effect  was 
produced  coinciding  with  the  normal  current.  Upon  breaking 
the  circuit,  and  uniting  the  wires  afterwards,  indications  of  a 
reversed  current  were  obtained ;  but  these  have  been  frequent- 
ly observed  under  other  circumstances,  when  there  was  no  rea- 

nection,  the  needle  of  the  galvanometer  vibrated  from  3"  to  5%  but  steadily  re- 
tamed  to  its  permanent  deflection;  ....  The  transient  disturbance  of 
the  needle  arose  from  the  passage  of  an  induced  current  through  the  electro- 
lyte, and  by  the  wires  to  the  galvanometer.''  But  the  case  he  considers  as 
*<  precisely  similar  to  one  recorded  by  Faraday,"  which  he  quotes.  This  is  a 
voltaic  circle  In  an  induced  circuit.  We  could  never  understand  how  the  effects 
could  be  referred  to  those  as  recorded  by  Faraday,  provided  the  wires  were 
well  insulated.  The  action  upon  the  needle  in  Mr  Hunt's  experiment  was  not 
corutantf  but  temporary  ;  and  if  the  motion  of  the  needle  could  not  be  referred 
to  the  direct  influence  of  ^the  magnetism  of  the  helix  or  wire,  we  are  more  in- 
clined to  consider  it  as  an  effect  of  magneto^electrie  induction,  a  temporary  cur- 
rent being  formed  either  in  the  metallic  conductor  or  solution,  and  able  to  (ra- 
veree  the  electrolyte. 
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son  to  suppose  that  chemical  action  had  occurred*  unless  we 
must  consider  this  fact  as  evidence  of  its  having  taken  place. 
We  are  now  led  to  inquire  whether  a  solution  (an  electrolyte) 
can  conduct  a  current  without  undergoing  decomposition  1  But 
before  discussing  this  question,  we  must  refer  to  a  circum- 
stance which  was  at  first  rather  perplexing,  as  well  as  to  some 
other  experiments. 

Upon  repeating  these  experiments  on  other  occasions,  it  oc- 
casionally happened  that  no  effect  could  be  obtained,  or  the 
results  were  doubtful,  the  current  passing  at  one  time  in  one 
direction,  and  then  in  the  opposite  direction.  The  reason  of 
this  we  shall  be  able  to  point  out  afterwards. 

When  a  saturated  solution  of  common  salt  was  employed, 
instead  of  the  acid  solution^  effects  similar  to  those  already 
described  were  obtained.  With  water  alone  no  effect  was  ob- 
tained. 

Instead  of  platinum  two  amalgamated  zinc  plates  were  used 
as  the  electrodes,  each  about  five  inches  and  a  half  in  length, 
and  two  inches  broad ;  in  the  upper  one  a  notch  was  made,  so 
as  to  admit  of  the  glass  jar  containing  the  pole.  With  these 
plates,  using  water  as  the  liquid,  the  chemical  action  was  too 
powerful  to  obtain  any  decisive  result.  The  slightest  motion 
of  the  fluid  in  the  basin  caused  an  action  upon  the  needle, 
and  the  effects  sought  for  were  completely  masked  by  those 
resulting  from  chemical  action. 

With  copper  plates  of  the  same  size  as  the  zinc,  and  using 
copper  wires  instead  of  the  platinum  wires,  with  a  concen- 
trated solution  of  sulphate  of  copper  as  the  interposed 
liquid,  more  satisfactory  results  were  obtained.  The  amount 
of  effect  upon  the  needle  was  not  greater  than  3"  or  4°. 
If  the  circuit  current  was  in  one  direction,  the  induced  current 
was  readily  obtained  in  that  direction.  With  the  add  solu- 
tion the  chemical  effect  was  too  powerful,  the  effects  being 
similar  to  those  obtained  with  the  zinc  plates.  With  water 
alone  no  effect  was  obtained. 

Betuming  to  those  experiments  in  which  the  platinum  elec- 
trodes were  used,  and  which  appeared  to  give  the  most  deci- 
sive results,  and  reflecting  upon  the  direction  the  current 
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took,  viz.,  the  lower  electrode  being  positive;  it  seemed  pos- 
sible, after  all,  that  the  current  might  not  be  induced  in  the 
liquid^  but  that  it  merely  traversed  it.  The  following  experi- 
ment was  now  performed  : — 

A  large  glass  tube,  two  inches  in  diameter,  and  six  inches 
in  length,  had  a  piece  of  membrane  tied  over  the  lower  end, 
and  was  then  filled  with  the  acid  solution,  and  placed  upon  the 
lower  platinum  electrode  as  before,  the  basin  containing  some 
of  the  same  solution.  The  upper  electrode  was  placed  some- 
times horizontally,  at  other  times  vertically,  at  the  upper  por- 
tion of  the  fluid  in  the  tube.  The  lower  pole  of  the  electro- 
magnet was  now  outside  of  the  tube,  but  close  to  it,  and  ex- 
tended about  two  inches  down  from  the  top.  Upon  rotating 
the  bar»  an  effect  was  obtained  upon  the  needle,  and  by  catch- 
ing the  vibrations  of  the  needle  at  proper  times,  by  rotating 
in  the  reverse  direction,  it  was  made  to  increase ;  the  effects 
being  similar  to  those  we  had  already  obtained.  But  the  cur- 
rent was  now  reversed^  or  the  upper  electrode  was  now  posi-* 
tive.  So  here  we  had  the  current  induced  in  the  fluid,  unless 
we  suppose  it  to  have  been  due  entirely  to  the  platinum  elec- 
trode, or  to  the  metallic  part  of  the  circuit.*  The  bar  was 
rotated  within  the  deep  jar  as  before,  in  the  centre  of  the  fluid, 
but  the  effects  did  not  appear  to  be  increased.  The  experi- 
ment was  repeated  with  shorter  tubes  with  similar  results, 
but  with  this  exception, — when  the  lower  electrode  was  brought 
up  to  within  an  inch  of  the  pole,  the  effects  upon  the  needle 
began  to  vary,  and  the  nearer  it  was  brought  to  the  pole  it 
then  became  positive  as  in  former  experiments. 

When  we  consider  the  arrangement  of  the  lines  of  force  of 
a  magnet,  it  is  reasonable  to  suppose  that  the  situation  and 
position  of  the  two  electrodes,  in  reference  to  the  course  of 
these  lines,  must  be  of  some,  if  not  of  great  importance ;  one 
being  positive  or  negative  to  the  other,  according  to  circum- 

*  We  can  scarcely  suppoBd  that  the  current  was  induced  in  the  glass  rather 
than  in  the  solution  or  fluid  conductor,  jet  Mr  Harris  found  that  the  rotation 
ohserved  in  Arago's  experiment  could  be  obtained  with  annealed  glass,  but 
not  with  sulphuric  acid  and  saturated  solution  of  sulphate  of  Iron.  Vid4 
Faraday's  *'  Experimental  Researches/'  series  i.,  par.  130. 
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stances.  That  such  is  the  case,  we  may  infer  from  the  principle 
established  bj  Faraday,  and  which  we  have  quoted  at  the  com- 
mencement of  the  present  paper.  In  these  latter  experiments, 
the  lower  electrode  was  placed  out  of  the  lines  of  forces  or  at 
any  rate  in  such  a  position  relative  to  the  lines  that  it  was 
ineffectual  in  originating  the  current,  or  acting  as  the  cathode^ 
thus  becoming  negative  to  the  other,  and  we  now  obtain  a 
clue  to  the  circumstance  that  was  formerly  perplexing  to  us, 
viz.,  the  current  traversing  the  galvanometer  sometimes  in  one 
direction,  at  other  times  in  another.  There  can  be  no  doubt 
that  the  bar  in  those  instances  might  have  been  raised,  and 
again,  as  the  magnetic  power  of  the  bar  began  to  sink  so  would 
the  lines  of  force  fall  in  upon  the  magnet.  So  here  we  have 
three  important  circumstances  to  attend  to,  and  to  take  into 
consideration  in  these  experiments,  Firsts  The  position  of  the 
electrodes,  whether  aoAal,  radial,  or  equatorial,  in  refer- 
ence to  the  lines  of  force  ;  Secondly/,  Their  distance  from  each 
other,  whether  both  or  only  one  of  the  electrodes  are  within  the 
lines  of  force  or  sphondyloid;  and  Thirdly,  The  strength  of 
the  magnet,  or  magnetic  sphondyloid. 

We  may  add,  that  when  using  the  platinum  wires  alone  as 
electrodes,  instead  of  the  foil,  effects,  though  perhaps  not  to  the 
same  amount,  were  obtained  upon  the  needle ;  but  we  have 
never  been  able  to  keep  the  needle  deflected  to  a  certain  dis- 
tance by  rotating  the  magnet  in  one  constant  direction ;  it  al- 
ways appeared  to  be  in  a  continual  state  of  vibration.  This 
may,  however,  arise  from  the  bar,  as  from  its  mode  of  suspen- 
sion, it  did  not  revolve  freely  within  the  helix,  and  occasion- 
ally stopped  in  consequence  of  the  friction  against  the  sides. 

We  tried  several  times  to  obtain  signs  of  polar  decomposir 
tion,  and  for  this  purpose  we  placed  some  concentrated  solu- 
tion of  iodide  of  potassium  and  starch  in  a  tube,  using  the 
platinum  electrodes,  either  wires  or  foil,  and  rotating  the  bar 
in  one  constant  direction,  but  have  not  as  yet  been  able  to 
obtain  as  definite  evidence  as  could  have  been  wished,  although 
the  galvanometer,  in  these  experiments,  was  affected.  The 
change  of  colour  that  did  appear  was  too  general,  and  not  con- 
fined to  the  anode. 
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The  experiments  were  repeated  with  the  osmometer^  viz., 
by  rotating  the  electro-magnet  in  one  constant  direction,  the 
septum  being  either  Jiorizontal  or  perpendicular  to  the  lines 
of  magnetic  force  ;  bnt  in  these  instances  no  definite  result 
was  obtained. 

We  endeavoured  to  ascertain  whether  the  rotatory  motion, 
which  occurs  when  a  solution  acts  chemically  upon  a  metallic 
cylinder  inclosing  a  pole  of  the  magnet,  is  affected  upon  ro- 
tating the  pole.  When  zinc  or  copper  cylinders  were  used 
some  effect  appeared ;  but  it  was  too  slight,  and  the  results 
might  have  been  due  to  the  unsteady  motion  of  the  bar,  or  to 
other  causes  than  to  the  mere  rotation  of  the  pole.  When 
a  cylinder  of  soft  iron,  however,  was  employed,  no  effect 
occurred. 

Concluding  Remarks. 

In  bringing  this  imperfect  inquiry  to  a  close,  we  shall  add 
one  or  two  observations  upon  the  question  originally  proposed, 
viz.,  "  The  influence  of  Magnetism  in  its  dynamic  condition, 
or  when  in  motion^  on  chemical  action^ 

The  only  positive  conclusion  that  we  can  deduce  from  the 
foregoing  experiments  is  the  following  : — That  the  currents 
consequent  upon  magneto-electric  induction  may  be  eoscited 
in  fluid  conductors^  such  as  electrolytes.  The  question,  how- 
ever, whether  an  electrolyte  can  conduct  an  electric  current, 
without  undergoing  decomposition  %  may  be  considered  a  dis- 
puted point,  but  the  evidence  that  has  been  adduced  in  favour 
of  the  supposition  that  it  can  do  so  appears  to  us  to  prepon- 
derate, and  we  can  only  refer  to  a  valuable  lecture*  by  Pro- 
fessor Faraday,  "  On  Electric  Conduction,"  in  which  he  con- 
siders that  a  liquid  (an  electrolyte)  may  possess  "  conduction 
proper^^  as  well  as  "  electrolytic  conduction^^^  and  that  the 
former  does  not  necessarily  imply  the  latter.  Although  an 
electrolyte  may  possess  '^  conduction  proper^^  it  is  reasonable 
to  suppose,  that  if  the  forces  by  which  the  elements  of  the 

*  Journal  of  Royal  Institution.     May  25, 1856. 
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electrolyte  are  held  together  be  feeble,  then,  according  to  the 
intensity  of  the  current,  so  would  decomposition  occur.  Some 
results  observed  in  the  foregoing  experiments  would  lead  to 
the  conclusion  that  this  might  have  been  the  case,  for,  when 
using  the  acid  solution  and  the  platinum  electrodes,  and  rota- 
ting the  bar  in  one  constant  direction,  the  needle  was  sometimes 
suddenly  deflected  several  degrees.  In  this  case,  the  current, 
although  weak,  might  have  induced  a  tendency  to,  which  ulti- 
mately resulted  in,  chemical  action.  In  other  instances, 
whenever  conditions  exist  so  as  to  render  the  chemical  forces 
so  equally  balanced  that  a  slight  circumstance  might  be 
capable  of  overthrowing  this  equilibrium,  we  might  then  ex- 
pect that  the  weakest  current  would  be  able  to  effect  this. 
Our  failures  in  obtaining  ^o^r  decomposition  were  evidently 
due  to  the  want  of  intensity/  in  the  current,  and  as  we  have 
every  reason  to  believe  that  this  may  be  increased  by  more 
powerful  means,  so  may  more  decided  chemical  effects  be  pro- 
duced. Hence  we  may  arrive  at  the  conclusion,  iliat  magnet- 
ism  {in  its  dynamic  condition,  or  when  in  motion),  may  ex- 
cite or  originate,  and  increase  chemical  action* 
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On  the  Occultation  of  Rivera,  By  Thomas  S.  Traill,  M.D., 
Professor  of  Medical  Jurisprudence  in  the  University  of 
Edinburgh. 

The  disappearance  of  some  rivers  into  chasms  in  the  earth, 
and  their  reappearance  at  the  surface,  has  attracted  attention 
from  very  ancient  times ;  and  several  instances  of  this  curious 
phenomenon  are  alluded  to  by  both  Greek  and  Roman  authors. 
This  has  chiefly  been  observed  among  strata  of  limestone  or 
of  gypsum  ;  and  has  been  more  frequently  noticed  in  the  Pelo- 
ponnesus than  in  any  other  part  of  the  world.  The  fervid 
imaginations  of  the  ancient  Greeks  generally  clothed  such  oc- 
cultations  with  mythological  fiction,  and  adorned  them  with  the 
graces  of  poetic  imagery.  That  temperament,  which  led  them 
to  people  every  grove,  and  animate  every  stream  with  presid- 
ing deities,  could  easily  imagine  subterranean  rivers  travers- 
ing extensive  regions,  and  with  little  difficulty  reconcile  itself 
to  the  fabled  loves  of  Alpheius  and  Arethusa ;  which  led  the 
enamoured  river  god  to  pursue  his  coy  nymph  from  the  moun- 
tains of  Peloponnesus,  even  in  ocean's  bed,  to  the  shores  of 
Sicily. 

The  best  account  ever  given  of  the  occultations  of  Grecian 
rivers  is  contained  in  the  valuable  travels  of  Colonel  Martin 
Leake,  in  The  Morea;  a  work  in  which  he  has  admirably  il- 
lustrated the  descriptions  of  Pausanias,  the  notices  of  Strabo 
and  of  the  Greek  historians. 

He  justly  remarks,  that  the  disappearance  of  the  Pelopon- 
nesian  streams  is  better  known  than  their  emissories.  The 
former,  in  the  language  of  Greece,  are  termed  Ps§i&sa,  or  in  the 
Arcadian  dialect  f^B^^^a,  and  often,  in  the  common  language  of 
the  present  inhabitants  xala^i^^a  (pronounced  katavothra). 

Either  from  tradition,  received  from  their  forefathers,  or 
from  observation,  the  modem  Greeks  are  no  less  persuaded  of 
the  reappearance  of  the  engulfed  streams  than  were  their 
celebrated  ancestors.  But  it  is  to  be  regretted,  that  in  modem 
times  no  experiments  have  been  made  on  this  curious  subject, 
to  corroborate  this  opinion,  especially  in  a  country  so  abound- 
ing in  instances  of  occultation ;  and  one  of  the  objects  of  this 
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paper  is  to  point  out  a  simple  method  of  determining  the  true 
emissories  of  such  subterranean  streams,  after  I  have  gLven 
a  brief  account  of  the  best  known  ^sgftfga  of  Peloponnesus, 
which  are  chiefly  in  Arcadia,  its  central  province,  and  of  a  few 
in  Western  Europe. 

The  valleys  of  Arcadia,  which  have  no  other  esrit  for  their 
running  waters  but  zerethra,  are  those  of  Tegea,  Mantineia, 
Asea,  Orchomenos,  Alea,  Stymphalus,  and  Phineus.  Of  their 
zerethra  the  following  is  believed  to  be  the  distribution : — 

1.  In  the  Tegeatice  there  are  two  zerethra;  one  at  Taki, 
which  discharges  its  engulfed  waters  into  the  valley  Asea ; 
the  other  disappears  at  Persovd,  and  has  its  emissory,  it  is 
said,  in  the  sea,  on  the  coast  of  Argolis,  at  the  place  caUed 
Atthi  (Deine)  by  the  ancients. 

2.  In  the  Mantinice  there  is  one,  which  disappears  near  the 
ruins  of  Mantineia,  and  is  stated  to  have  its  emissory  in  the 
valley  of  the  Helisson,  near  Davii. 

3.  In  the  Assea  there  is  one,  perhaps  two  zerethra ;  the  emis- 
sory of  the  first  is  in  the  pegse  of  Megalopolis ;  and  the  other 
is  believed  to  be  one  of  the  sources  of  the  Eurotas,  near  Bele- 
mina. 

4.  The  river  of  Orchomenos  is  engulfed  in  the  zerethra  of 
CaphyaB,  and  reappears  at  Rheunus,  near  the  modem  Tara, 
whence  it  falls  into  the  river  Ladon. 

5.  That  in  the  Alsea  is  near  the  modem  town  of  Skotini,  and 
is  considered  as  having  its  emissory  in  the  fountain  of  Teneiie, 
near  Orchomenos. 

6.  The  river  which  enters  the  zerethra  of  Stamphylus  is 
said  to  reappear  near  Argos  ;  but  Colonel  Leake  thinks  that 
this  emissory  is  that  of  a  river  which  is  engulfed  in  the  Valley 
of  Kesari. 

7.  In  the  Pheneatice  there  are  two  zerethra ;  one  of  which 
engulfs  the  river  Aroanius,  which  reappears  in  the  sources  of 
the  Ladon,  below  Lycuria.  Leake  was  unable  to  ascertain 
the  emissory  of  the  other.  The  same  traveller  believes  that 
there  are  several  smaller  zerethra,  of  which  no  account  has 
yet  been  given  by  any  writer. 

The  most  noted  of  all  these  is  the  alleged  commingling  of 
the  waters  of  the  Alpheius  and  Eurotas.    Fausanias  describes 
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the  two  rivers  as  arising  not  far  from  each  other,  then  min- 
gling their  waters  for  a  distance  of  abont  20  stadia,  when  they 
ponr  into  a  chasm  in  a  mountain,  within  the  bowels  of  which 
the  waters  separate,  to  form  two  distinct  rivers ;  one  of  which, 
reappearing  in  the  Juaconice,  forms  the  Eurotas ;  the  other,  the 
Alpheius,  reappearing  in  the  pega&  of  the  Megalopolis.  The 
story  recorded  by  Strabo,  to  show  their  subterranean  separa- 
tion, is  evidently  fabulous,  viz.,  that  if  a  garland  were  conse- 
crated to  each  river,  and  both  simultaneously  thrown  into 
their  zerethra,  each  would  make  its  appearance  in  the  river 
to  which  it  was  dedicated. 

In  western  Europe,  the  most  celebrated  instance  of  the  oc- 
cultation of  a  river  was  that  of  the  fihone,  near  Bellegarde, 
on  the  confines  of  France  and  Savoy,  about  18  miles  from 
Geneva;  but,  alas,  on  visiting  this  interesting  spot  in  the 
autumn  of  1855,  I  found  that  the  Perte  du  Rhone  no  longer 
exists ;  for  the  Sardinian  Government,  in  which  territory  it 
was,  had  blown  up  the  rocky  roof,  beneath  which  it  had  been 
engulfed,  in  order  to  facilitate  the  conveyance  of  timber  on 
the  river.  At  that  point  the  Rhone  had  contracted  to  a  nar- 
row but  deep  stream,  and  disappeared  below  the  rocky  strata, 
for  a  distance  of  180  feet  in  length.  The  deep  chasm  is  now 
open  to  the  day,  and  the  traveller  crosses  the  river  on  an  arti- 
ficial bridge,  instead  of  the  grand  one  of  nature's  masonry. 

In  Spain,  there  is  another  remarkable  occultation,  that  of 
the  considerable  river,  the  Guadiana,  in  New  Castile.  It  dis- 
appears in  a  chasm  near  the  village  of  Castillo  de  Cervera ; 
and,  after  a  subterranean  course  of  about  15  or  16  English 
miles,  it  issues  into  day,  near  the  high  road  from  the  Sierra 
Morena  to  Madrid,  at  a  place  named  Los  ochos  de  Gv/xdiana 
(the  eyes  of  the  Guadiana),  between  Manzanares  and  Yilla- 
harta.  At  the  Yenta  de  Quesad,  about  three  leagues  north  of 
Manzanares,  I  found  a  well,  which  happened  to  be  dug  on  the 
concealed  river  that  flows  here  at  the  depth  of  38  varas,  or 
114  feet. 

In  Britain  we  have  a  few  minor  instances  of  river  occulta- 
tion, particularly  in  the  limestone  of  the  counties  of  Derby 
and  York. 

The  small  streams  named  the  Manifold  and  the  Hamps 
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sink  into  a  chasm  on  a  common  near  Ashbum,  and  reappear 
abont  three  miles  below,  in  Ham  grounds.  The  stream  which 
issues  from  the  cayem  of  the  Peak  is  that  which  disappears 
near  the  high  road  from  Chapel-le-Frith  to  Gastleton,  aboat 
three  miles  from  the  latter  town.  Similar  instances  occur  in 
the  streams  in  Weathercote  and  Yordas  caves,  on  the  west- 
em  borders  of  Yorkshire. 

With  regard  to  the  method  of  investigating  the  course  of 
eubt^rranean  streams,  it  occurred  to  me,  when  gazing  on  the 
grand  emissory  of  the  Guadiana,  that  the  usual  modes  were 
not  satisfactory.  It  is  generally  recommended,  to  throw  into 
the  zerethra  light  floating  bodies,  such  as  leaves,  chips  of 
wood,  or  chaff,  and  noUcing  their  reappearance.  When  the 
subterranean  course  is  long  and  tortuous,  the  time  of  waiting 
for  their  reappearance  will  not  suit  the  traveller ;  especially 
as  such  bodies,  from  their  extreme  lightness,  and  angular  form, 
will  be  very  apt  to  be  detained  by  projections  of  the  channel ; 
or  where  the  water  entirely  fills  it,  to  be  left  behind :  besides 
which,  such  common  objects  are  not  easily  identified  as  the 
individual  articles  committed  to  the  waters  of  the  zerethra. 

It  seems  to  me,  that  it  would  be  preferable  to  employ  a 
number  of  turned  balls  of  wood,  from  ^  to  f  of  an  inch  in 
diameter,  which,  for  identification,  might  be  stamped  by  a  hot 
iron  with  a  particular  mark  or  letter.  Such  should  iiot  be 
very  much  lighter  than  water,  that  they  might  be  less  likely 
to  be  stopped  by  inequalities  in  the  roof  of  the  subterranean 
channel,  or  its  sinuosities.  Turned  spheres  of  beech  or  of 
ash,  which  have  a  specific  gravity  of  0*845  and  0  840  respec- 
tively, would  be  preferable  to  balls  of  fir  or  cork,  with  a  spe- 
cific gravity  of  0*540  and  0-240 ;  while  the  softness  of  the 
two  last  would  render  them  more  liable  to  chafing  by  friction 
in  their  passage,  and  therefore  to  detention. 

A  handful  or  two  of  such  spheres,  thrown  into  any  chasm 
engulfing  a  stream,  would  seem  a  more  certain  mode  of  ascer- 
taining the  emissory  than  employing  substances  so  easily  to 
be  mistaken  as  leaves,  chips,  or  chaff. 
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Chronological  Remarka  on  the  River  Wye.    By  Charles 
Richardson,  Ross,  Herefordshire. 

All  along  the  river,  as  well  as  in  the  small  district  near  Ross 
to  which  our  attention  is  now  more  particularly  confined,  the 
Wye  runs  through  level  alluvial  land,  varying  in  width  from 
100  yards  or  less,  in  localities  where  the  rock  is  hard  and  the 
hills  high,  to  a  mile  and  a  half  in  places  where  the  material  is 
softer  and  the  country  more  level ;  and  this  alluvial  land  is 
bounded  by  clifiFs  which  follow  the  "  general  course"*  of  the 
river. 

Let  us  consider,  in  the  first  place,  what  evidences  we  have 
to  prove  that  this  alluvial  land  and  these  cliffs  have,  in  the 
course  of  time,  been  formed  by  the  river  itself. 

With  regard  to  the  alluvial  land,  it  is  to  be  noticed  that  the 
river  runs  across  it  from  cliff  to  cliff,  in  bends  of  a  peculiar 
form,  and  of  an  average  length,  in  this  district,  of  about  a 
mile ;  there  being  six  such  bends  in  the  six  miles  of  the  small 
district  alluded  to.  At  each  of  these  bends,  the  water  con- 
stantly wears  away  the  bank  on  the  convex  side,  while  the  op- 
posite bank  is  made  up  at  an  equal  rate  by  deposition  of  the 
sediment,  so  that  the  river  always  preserves  its  average  width  ; 
and  this  wearing  away -of  the  one  bank,  and  forming  on  the 
other  side,  is  suflSciently  rapid  to  be  notoriously  observable 
by  all  living  in  the  vicinity,  many  persons  recollecting  acres 
gained  on  one  side,  in  a  single  field,  and  lost  on  the  opposite 
side,  during  their  lifetimes. 

The  cause  of  the  wearing  away  on  the  convex  side  of  the 
bend,  and  of  the  deposition  on  the  concave  side,  is  sufficiently 
obvious ;  it  occurs  during  '*  freshes,"  when  the  river  is  "  bank 
full,"  (the  water  is  usually  about  ten  feet  below  the  surface  of 
the  alluvial  land),  and  the  water  runs  at  the  rate  of  about  five 
miles  an  hour,  and  is  loaded  with  sediment. 

If  the  stream,  at  such  a  time,  be  attentively  observed  where 
there  is  a  bend  in  its  course,  it  will  be  at  once  seen  that  the 

*  When  the  term  "  general  course"  of  the  river  is  used,  the  direction  of  the 
alluvial  land  bet>Kecn  the  cliffs  is  mennt. 
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current  sets  against  the  conyez  bank,*  which  it  consequently 
wears  away ;  but  that  on  the  other  side,  the  speed  of  the  cur- 
rent gradually  diminishes  in  proportion  to  the  distance  from 
the  main  stream.  Now,  where  the  stream  is  at  its  full  force, 
its  tendency  is  to  detach  and  carry  away  fresh  particles, 
which  it  does  from  the  conyez  bank ;  but  as  the  speed  becomes 
slower,  towards  the  concave  side,  the  coarser  and  heavier  par- 
ticles are  first  deposited,  while  the  finer  are  carried  farther 
in-shore,  into  quieter  water,  and  there  deposited,  and  so  on ; 
the  fineness  of  the  particles  deposited  bearing  an  exact  pro- 
portion to  the  speed  of  the  current  at  each  successive  point ; 
and,  as  the  great  bulk  of  the  particles  are  nearly  of  equal 
weight,  it  follows  that  the  greatest  amount  of  deposition  will 
occur  in  a  certain  zone^  somewhere  intermediate  between  the 
first  commencement  of  deposition  and  comparative  rest. 

We  see  evidences  of  this  all  along  the  river ;  for,  as  in  some 
seasons  the  banks  are  worn  away  much  more  than  in  others, 
or  from  some  such  cause,  a  wide  margin  for  deposition  is  sud- 
denly opened,  then  the  chief  amount  of  deposition  takes  place  at 
a  certain  distance  from  the  main  current,  while  further  in-shore 
the  deposition  is  less,  so  that  the  land  rises  in  the  form  of  a 
bank  or  ridge  near  the  water's  edge,  leaving  a  strip  of  much 
lower  land  further  in-shore,  which  is  only  very  slowly,  in  com- 
parison, raised  by  deposition.  The^se  ridges,  which  show 
a  former  course  of  the  river,  may  be  traced  here  and  there  in 
all  parts  of  the  more  recent  alluvial  land.  A  conspicuous 
example  of  this  occurs  where  the  "  Ross  oak"  stands,  as  will 
be  noticed  presently. 

If  the  way  in  which  the  land  is  formed  by  the  river  be  ob- 
served at  any  favourable  spot,  of  which  we  have  good  ex- 
amples at  the  Backney,  Ross,  and  Wearend  bends,  it  will  be 
seen  that  first  a  bank  of  coarse  gravel  is  formed  on  the  rock 
bottom  of  the  river,  and  on  that  is  deposited  a  fine  gravel  or 
coarse  sand,  and  then  mud  and  substances  not  much  difiering 

*  At  the  bends  in  the  river,  the  terms  convex  and  concave  are  applied  with 
reference  to  the  stream  itself;  thus  the  bank  on  the  oonyez  side  of  the  Hream 
is  called  the  convex  bank,  though  its  form,  as  regards  itself  individuaUy,  is  con- 
cave ;  the  expression,  which  should  be  ''  the  bank  on  the  convex  side  of  the 
river,''  is  used  for  the  sake  of  brevity. 
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in  specific  grayity  from  water,  such  as  water-logged  timber, 
&C.9  and  shells  of  some  fresh-water  molluscs  indigenous  to 
the  river ;  and  lastly,  on  this,  a  thickness  of  from  six  to  nine 
feet  of  earth,  hardly  distinguishable  in  appearance  from  the 
mould  of  this  country. 

Now,  if  the  formation  or  structure  of  the  alluvial  land  be 
examined  at  any  point, — either  away  from  the  present  course  of 
the  river,  by  digging  (as  I  have  had  the  opportunity  in  many 
places  where  trial  pits  have  been  dug,  and  where  the  founda- 
tions of  the  railway  bridges  and  viaducts  were  put  in),  or  at 
those  places  where  the  bank  is  being  washed  away  by  the 
river, — the  same  evidences  of  river  deposition  will  invariably  be 
found.  At  one  place  near  the  Wearend,  where  the  bank  has 
been  rapidly  washed  away,  trunks  of  large  trees  have  been  gra- 
dually exposed,  and  even  layers  of  leaves  and  hazel  nuts  have 
been  found,  all,  of  course,  quite  black  and  much  decomposed. 

Then,  as  respects  the  formation  of  the  cliffs.  If  all  the  sur- 
rounding country  be  examined,  the  surface  will  be  found  to  be 
of  a  gently  undulating  and  rounded  character,  and  without 
any  instance  of  an  abrupt  cliff  occurring  anywhere  except- 
ing only  those  by  the  river;  while,  on  the  other  hand,  these 
cliffs  are  to  be  found  of  a  greater  or  less  elevation  on  both 
sides,  and  along  the  entire  course  of  the  river,  intersecting  in 
all  ways  the  regular  contour  of  the  hills,  but  always  following 
the  general  course  of  the  stream.  Now,  if,  in  a  district  such  as 
this,  where  all  the  hills  are  of  a  gently  rounded  outline,  we 
saw  one  hill  abruptly  cut  away  on  one  side,  so  as  to  form  a 
cliff,  we  should  naturally  look  around  for  a  cause  for  so  sin- 
gular an  effect ;  but  when  we  see  that  cliff  conformable  to  the 
course  of  the  river,  and  not  only  that  one  hill,  but  every  hill 
all  along  the  course  of  the  stream  similarly  cut  away,  and 
always  with  equal  conformity  to  the  river's  course;  and  when, 
in  addition  to  this,  it  is  seen  that  where  the  general  course  of 
the  river  makes  a  bend  the  hills  on  the  convex  side  are  much 
worn  away,  while  those  on  the  concave  side  are  much  less 
worn,  the  conclusion  is  irresistible  that  the  cliffs  and  alluvial 
land  must  be  due  to  the  action  of  the  river. 

That  these  cliffs  did  not  exist  immediately  after  the  diluvial 
period,  or,  in  other  words,  were  not  coeval  with  the  adjoining 
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surface  of  the  hill,  we  have  clear  proof  in  the  fact,  that  the 
^<  surface-softening,"  presently  to  be  alluded  to,  has  not  sensi- 
bly affected  the  beds  of  rock  exposed  at  the  bottom  of  the 
cliffs. 

We  may  presume  that  the  river  first  commenced  running 
down  its  course  immediately  after  the  land  had  been  lifted  to 
its  present  elevation,  when  the  waters  of  course  sought  the 
lowest  channel. 

We  have  in  this  country  strong  evidences  of  great  diluvial 
action  or  ^'denudation"  immediately  preceding  this  period, 
during  which  the  undulating  and  rounded  character  was  given 
to  the  surface.  A  striking  instance  of  this  may  be  seen  on 
the  higher  hills,  skirting  the  Forest  of  Dean,  where  a  very 
thick  and  strong  bed  of  old  red  conglomerate  occurs,  underly- 
ing the  lowest  beds  of  the  mountain  limestone  formation  320 
feet,  as  ascertained  by  measurement  in  the  Little  DowardHill. 
This  "  great  sandstone  bed,"  usually  about  20  feet  in  thick- 
ness, is  seen  cropping  out  on  the  north-western  slopes  of  the 
undermentioned  hills: — Penyard,  Warm  Hill,  Lea  Bailey, 
Bishops'  Wood,  Copped  Wood,  Huntsham,  Great  and  Little 
Doward,  and  at  Staunton,  where  it  forms  the  ridge  or  summit 
of  the  Buckstone  Hill  (one  of  the  highest  in  the  Forest  of 
Dean),  the  old  Buckstone,  or  rocking-stone,  itself  being  a  piece 
of  it. 

Now,  wherever  this  "great  bed"  occurs,  the  rounded  con- 
tour of  the  hill  is  broken,  and  we  have  a  twenty  feet  cliff,  as 
might  be  expected,  from  diluvial  action,  and  great  masses, 
many  as  large  as  a  cottage,  that  have  fallen  from  this  bed 
during  the  process  of  denudation,  lie  scattered  below ;  a  very 
remarkable  circumstance  (as  may  be  well  observed  in  Copped 
Wood  Common)  being,  that  many  of  these  great  blocks  have 
stopped,  hanging  in  singular  and  fantastic  attitudes,  half-way 
down  the  steep  hill-side,  where  it  is  not  very  easy  for  i&  man 
to  stand;  others  have  reached  the  bottom,  but  none  have 
rolled  many  yards  on  the  level,  affording  clear  and  unmis- 
takeable  proof  of  submersion  at  the  time  of  their  fall ;  for,  if 
such  masses  of  rock  had  not  been  checked  in  their  descent  by 
water,  it  is  evident  that  they  must  have  rolled,  not  only  to 
the  bottom  of  the  hill,  but  a  long  way  on  the  level  beyond. 
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One  other  peculiarity  may  also  be  noticed  in  this  district, 
that  no  firm  and  hard  sandstone  rock  is  to  be  met  with  until 
at  a  depth  of  15  or  20  feet  below  the  surface,  excepting  only 
the  "great  bed"  just  alluded  to.  Abundant  opportunities  of 
observing  this  occur  all  oyer  the  country,  and,  recently, 
more  particularly  in  the  railway  cuttings ;  the  beds  can  be 
followed  from  a  depth  of  40  or  50  feet  to  the  surface,  where 
they  crop  out.  From  some  of  these  beds  was  obtained  as  good 
building  stone  as  any  used  in  this  country,  but  always  from 
a  depth  of  more  than  20  feet  below  the  soil ;  and  if  these 
same  beds  be  followed  towards  their  out-crop,  they  gradually 
become  softer  as  they  approach  the  surface,  until,  when 
within  10  feet  of  it,  they  are  found  to  be  what  is,  in  the  Ian- 
gauge  of  this  country,  expressively  called  "  Dunstone,''  a  kind 
of  indurated  sand,  in  the  form  of  rock,  neither  sand  nor  stone, 
and  which  may  be  broken  between  the  fingers. 

Now,  as  this  surface-softening  invariably  afiects  all  beds  in 
every  hill  in  this  district  (save  the  one  already  mentioned), 
and  as  the  '*  dunstone''  is  to  be  found  only  near  the  surface, 
it  must  be  attributed  to  atmospheric  action,  subsequent  to  de- 
nudation continued  through  a  vast  period  of  time.  That  no 
surface-softening  took  place  during  the  diluvial  period,  Vre 
may  infer  from  the  fact  that  such  bed3  as  are  still  under  water 
remain  hard  and  firm,  although  near  the  surface.  This  may 
readily  be  observed  in  any  part  of  the  river  at  low  water,  when 
the  hard  rock  bottom  is  seldom  more  than  3  or  4  feet  under 
water.  A  noticeable  fact,  also,  is,  that  the  hardest  and  best 
beds  in  a  quarry  are. usually  found  just  beneath  a  bed  of  marl, 
which  would  naturally  be  less  pervious  to  atmospheric  influ- 
ences. 

It  may  here  be  remarked,  that  the ''  great  bed"  is  the  only  one 
that  has  really  resisted  the  atmospheric  action,  and  is  conse- 
quently (speaking  of  this  district)  the  only  bed  of  sandstone 
truly  adapted  to  the  building  of  important  national  structures, 
such  as  cathedrals,  &c.  The  truth  of  this  remark  may  be  as- 
certained by  an  inspection  of  Hereford  Cathedral,  or  any  old 
structure  built  of  the  ordinary  stone  of  this  country. 

It  has  been  stated,  that  the  river  runs  across  the  alluvial 
land  from  cliff  to  cliff,  in  bends  averaging  a  mile  in  length 
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in  this  district.  Now,  wherever  the  river  arrives  at  the  cliff,  a 
portion  of  it,  certainly  not  exceeding  107  yards  on  an  average, 
is  exposed  and  undergoing  "  wear"  (this  length  of  107  yards 
is  a  Yerjfull  average,  and  is  the  result  of  careful  measure- 
ment of  the  most  decided  cases)  ;*  while  along  the  remaining 
distance,  1653  yards,  measured  in  the  direction  of  the  cliff,  and 
not  along  the  river  channel,  the  alluvial  land  alone  is  exposed 
to  the  action  of  the  current  The  rate  at  which  the  river 
wears  away  this  alluvial  land  has  now  to  be  considered. 

There  is  still  in  existence  an  old  survey  of  the  Guy's  Hos- 
pital estates  near  Ros8,t  made  by  John  Green  in  1756,  just 
100  years  ago,  and  by  comparing  the  present  position  of  the 
river  with  that  shown  on  this  survey,  the  alteration  in  its 
course  is  at  once  apparent.  There  is  also  a  celebrated  old 
oak  tree,  called  the  "  Ross  oak,"  growing  near  the  Ross  bend 
of  the  river,  which  was,  at  the  date  of  that  map,  thought 
worthy  of  record.  The  distance  of  this  tree  from  the  present 
river  bank  is  170  yards,  but  on  J.  Green's  survey  it  is  only 
118  yards;  the  river  must  consequently  have  made  62 
yards  of  land  at  that  place  in  the  century ;  and  supposing 
the  land  to  have  been  made  at  the  same  rate,  about  327  years 
ago  it  must  have  run  close  under  the  bank  on  which  the  old 
oak  grows,  from  whence,  as  has  been  before  stated,  the  old 
river  bank  can  be  distinctly  traced  all  the  way  to  the  cliff  at 
Wilton  Castle.  This  old  oak  has  been  noted  for  many  years ; 
it  is  29  feet  in  circumference  at  3  feet  from  the  ground,  and 
when  it  was  set  on  fire  in  the  winter  of  1849-50,  notices  of  it 
were  inserted  in  the  London  papers ;  in  many,  its  age  was  put 
down  at  900  years,  and  in  some  at  a  much  larger  figure.    Now 

*  The  bends  in  the  river  channel  do  not  <zU  reach  the  cliffs,  and  the  exceptions 
are  of  two  kinds ;  the  first  those  where  the  wearing  of  the  hanks  has  been  (of 
comparatiyely  late  years)  impeded  by  **  crihbs/'  or  walling  built  purposely  to 
stop  the  encroachment  of  the  river ;  and  the  second  those  in  which  the  river, 
in  its  natural  course,  does  not  arrive  at  the  margin  of  the  alluvial  land ;  these 
latter  occur  chiefly  on  the  concave  side  of  a  bend  in  the  general  course  of  the 
river.  We  have,  however,  in  the  subsequent  calculation,  assumed  that  the 
cliffs  were  always  and  invariably  subjected  to  their  usual  *'  wear"  at  each 
epoch. 

t  For  a  copy  of  this  survey  I  am  indebted  to  the  kindness  of  J.  S.  Taylor, 
solicitor  to  the  goremors  of  Guy's  Hospital. 
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it  happens  that  we  have  the  means  of  arriying  very  nearly  at 
its  tme  age ;  at  the  time  of  the  fire  the  hollow  trunk  was  burnt 
80  thin  that  the  enormous  limb  which  formed  the  top  of  the 
tree,  fell,  and  when  sawn  through  was  discovered  to  be  solid 
at  a  height  of  what  had  been  rather  more  than  30  feet  from 
the  ground,  and  was  ascertained,  by  counting  the  concentric 
rings,  to  be  278  years  old.  Now,  if  40  years  be  added  for 
the  time  required  for  an  oak  to  attain  the  height  of  about  30 
feet,  we  shall  have  40  +  278  +  7=325  years  for  the  age  of  the 
tree,  which,  supposing  the  oak  to  have  been  a  sapling  on  the 
bank  of  the  river  of  that  day,  agrees  remarkably  with  the  for* 
mer  estimate  of  the  rate  of  wear  and  deposition  obtained  from 
the  old  survey.  It  may  also  be  added  that  on  examining  the 
shell  of  the  hollow  trunk  at  the  time  of  the  fire  it  was  found 
that  it  had  grown  5f  inches  in  the  last  50  years ;  now  it  must 
have  grown  much  more  rapidly  when  a  younger  tree ;  if  we 
suppose  at  double  the  rate  just  mentioned,  that  will  make 
an  average  of  half  as  fast  again  during  the  whole  term, 
and,  as  the  entire  growth  or  radius  of  the  trunk  is  55  inches, 
we  shall  have  the  age  of  the  tree  316  years;  agreeing  as 
nearly  as  could  be  expected  with  the  more  precise  calculation 
above. 

At  the  Wearend,  the  rate  at  which  the  alluvial  land  has 
been  worn  away,  as  obtained  from  J.  Green's  survey,  appears 
to  have  been  nearly  60  yards  during  the  century ;  but  as  we 
have  the  opportunity  of  estimating  the  rate  of  wear  for  327 
years  at  the  Ross  bend,  that  rate  has  been  assumed  as  the  basis 
of  the  subjoined  calculation. 

Now  in  327  years,  the  Ross  bend  in  the  river  has  progressed 
downwards  (towards  the  sea)  a  distance  of  170  yards,  and, 
supposing  the  process  to  continue  at  the  same  rate,  it  would 
reach  the  present  site  of  the  bend  at  the  Wearend,  just  a  mile 
below,  in  about  3384  years;  therefore,  as  the  distance  be* 
tween  these  bends  is  exactly  the  average  distance  from  bend 
to  bend  all  along  this  part  of  the  river,  we  may  call  that 
period  of  3384  years  an  **  epoch"  in  the  age  of  the  river ; 
and  during  this  "  epoch"  the  bounding  clifib  would  have  un- 
dergone their  usual  process  of  wear  all  along  the  course  of 
the  river. 

HBW  ssans. — ^vol,  vi.  no.  i. — july  1857.  n 
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We  will  now  proceed  to  consider  the  length  of  time  required 
by  the  river  to  wear  away  the  cliffs  to  their  present  form. 

Sections  of  the  surface  of  the  ground  have  been  made  in 
seyeral  places  across  the  general  coarse  of  the  river,  showing 
the  manner  in  which  the  cliff  at  that  point  intersects  the 
rounded  contour  of  the  surface,  and  enabling  us  to  form  a 
tolerable  idea  of  what  the  surface  was  before  the  river  had 
worn  it  away. 

This  surface,  as  it  may  be  supposed  to  have  existed  when 
the  river  first  ran  down  its  course,  has  been  marked  on  these 
sections  with  a  dotted  line ;  and  by  measurement,  the  amount 
of  land  (or  cliff)  worn  away  cannot  have  been  less  than  400 
yards. 

As  regards  the  rate  at  which  these  cliffs  are  worn  away,  we 
have  a  very  good  example  at  the  Wilton  Bridge.  That  bridge 
was  built  in  1599, 257  years  ago ;  the  masonry  of  the  western 
abutment  was  founded  on  an  exposed  ledge  of  rock  which  stands 
high  enough  to  be  dry  whenever  the  water  is  low,  and  yet  low 
enough  to  be  under  water  on  the  occurrence  of  the  least  *' fresh  ^ 
down  the  river ;  it  is,  in  fact,  just  about  the  elevation  that 
would  subject  it  to  the  alternations  of  being  wet  and  dry  most 
frequently,  or,  in  other  words,  to  the  greatest  amount  of 
wear.  Now  this  bed  is  by  no  means  composed  of  the  best  and 
firmest  quality  of  stone  in  this  district,  for  it  is  comparatively 
thin,  and  what  is  here  called  <*  shelly,"  or  composed  of  laminae 
of  about  half  an  inch  in  thickness,  and  it  is  only  15  or  16  feet 
below  the  original  surface,  but  it  is  certainly  a  very  hard  bed 
considering  that  circumstance. 

The  whole  surface  of  this  bed  has,  in  the  course  of  the  257 
yeare,  been  worn  away  3f  inches,  and  we  may  fairly  assume 
that  the  rocks  forming  the  general  cliff  were  certainly  not  worn 
away  at  a  more  rapid  rate,  for  they  contain,  everywhere,  de- 
cidedly better  and  stronger  beds  of  rock  than  this  at  Wilton 
Bridge* 

Now  what  must  have  been  the  process  by  which  the  clifi 
were  formed  from  the  commencement  ?  When  the  river  first 
ran  down  its  course,  it  sought  the  lowest  ground,  and  must 
there  have  gradually  worn  for  itself  a  channel ;  then  would 
begin  its  "  meandering,"   as  it  may  be  called,  between  its 
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bounding  cliffs,  and  the  formation  of  the  alinFial  land.  These 
bounding  cliffs  would,  of  course,  be  but  a  short  distance  apart 
at  first,  and  the  henda  would  consequently  pass  from  cliff  to 
cliff  in  a  shorter  distance  than  when  the  breadth  of  the  allu- 
vial land  became  greater ;  in  other  words,  the  duration  of  what 
has  been  called  the  '^  epoch*'  would,  at  first,  have  been  zero» 
and  would  gradually  have  increased  as  the  width  of  the  al- 
luvial land  extended,  until  it  became  what  we  now  find  it. 
From  this  it  might  have  been  supposed,  on  first  thoughts,  that 
the  duration  of  the  epoch  has  been,  on  an  average,  and  reckon- 
ing from  the  commencement,  one-half  what  it  is  now ;  the 
common  arithmetical  mean,  however,  is  not  correct  in  this  case, 
as  will  be  at  once  perceived  when  it  is  considered  what  the 
length  of  the  epoch  would  be  when  the  alluvial  land  was  only 
a  few  yards  in  width,  say  five  for  example ;  for  the  average  of 
one-half  to  be  correct,  the  river,  after  wearing  the  cliff  for  a 
distance  of  107  yards,  must  have  left  it,  gone  5  yards  away, 
and  returned  to  it  again  in  a  distance  of  about  20  yards.  This 
is  clearly  incompatible  with  the  curvature  of  the  river  chan- 
nel ;  and,  judging  by  that  curvature  as  at  present  existing,  the 
river  could  not  have  left  the  cliff  and  returned  to  it  again, 
after  going  5  yards  from  it,  in  a  less  distance  than  180  yards. 

As  our  object  is  now  to  ascertain,  as  nearly  as  possible,  the 
true  average  duration  of  the  epoch  from  the  commencement 
to  the  present  time,  it  must  be  borne  in  mind,  in  the  first 
place,  that  the  distance  from  bend  to  bend  is  made  up  of  two 
quantities,  first,  the  part  where  the  cliff  is  supposed  to  be  in 
"  wear,"  namely,  the  invariable  length  of  107  yards,  a  constant 
quantity ;  and,  secondly,  the  part  of  the  cliff  not  exposed,  a 
quantity  varying  with  the  width  of  the  alluvial  land.  For 
the  sake  of  brevity,  let  us  call  this  second  quantity  the 
"  length,"  and  the  corresponding  width  of  alluvial  land  the 
"  breadth.'' 

We  have  one  fact  that  will  help  us  to  arrive  at  a  correct  ave- 
rage ;  at  a  part  of  the  river  where  the  ^'  breadth"  is  about  50 
yards,  the  '< length"  is  as  nearly  as  possible  1000  yards ;  and, 
assuming  our  estimated  '*  length  "  to  be  tolerably  correct  where 
the  "  breadth"  is  5  yards,  we  have  these  figures—- 

d2 
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"Breadth''      6  "Length"    180 

160  „         1000 

400  „         1653 

From  these  figures  it  appears  that  the  "  breadth"  varies 
directly  as  the  square  of  the  "  length ;"  and  consequently,  that 
if  the  "  lengths"  be  taken  along  a  horizontal  line,  and  the 
corresponding  "  breadths"  perpendicular  to  that  line,  the  points 
so  obtained  will  be  in  a  parabolic  curre ;  therefore,  from  a 
property  of  this  curve,  the  average  "  length"  will  be  just  two- 
thirds  of  what  it  is  now,  or  1102  yards.*  We  have,  there- 
fore 107  yards  as  the  length  undergoing  wear,  and  1102  the 
average  "  length"  exempted,  making  together  1209,  the  ave- 
rage  distance  from  bend  to  bend  from  the  commencement, 
which,  at  the  rate  of  52  yards  in  the  century,  makes  the 
average  "  epoch"  2325  years. 

Now  at  the  rate  of  52  yards  in  100  years,  the  107  yards  of 
cliff  would  be  subject  to  wear  for  a  period  of  206  years,  and 
would,  at  the  rate  obtained  from  the  bed  at  Wilton  Bridge, 
be  worn  back  three  inches  during  that  time,  when  that  portion 
of  cliff  would  be  exempted  from  wear  for  the  remainder  of 
that  epoch,  namely,  according  to  the  average  just  obtained,  for 
.he  rest  of  the  2325  years. 

*  That  the  '< breadths"  are  as  the  square  of  the  '* lengths*'  appears  from 
these  figures  1663|'  :  400=1000j*  :  150=1S0|*  :  6,  very  nearly,  the  true  figures 
being  1663|«  :  400=:1012|*  :  I60=l86|«  :  6. 

By  this  proportion  ire  can  ascertain  the  "  lengths  "  where  the  "  breadths  *' 
are  300,  60,  and  20  yards,  and  putting  them  into  a  tabular  form  we  hare 


"  Breadth  " 

400 

«  Length  "  1653 

n 

300 

1432 

n 

150 

1012 

>* 

50 

684 

••> 

20 

370 

9* 

5 

186 

Taking  common  arithmetical  averages  between  these  figures  and  then  redu- 
cing such  averages,  each  in  proportion  to  its  length,  to  a  common  ayerage,  we 
have  1091  for  the  result,  which  is  only  11  less  than  two-thirds  of  1653,  the 
present  *'  length."  And  if  a  greater  number  of  co-ordinates  had  been  em- 
ployed, the  result  would  have  approached  stm  more  nearly  to  the  two-thirds, 
which  may  therefore  be  taken  as  the  limit  or  true  average," 
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Therefore,  as  we  find  that  the  clifiPs  have  been  worn  back 
400  yards  in  all,  and  3  inches  at  each  epoch,  there  must  have 
been  4800  epochs ;  and,  as  the  average  length  of  the  epoch  is 
2325  years,  the  river  must  have  first  begun  to  wear  its  banks 
4800  X  2325,  or  more  than  11,000,000  years  ago. 

This  result  may  be  obtained  otherwise,  thus  :  At  the  rate 
of  the  bed  at  Wilton  Bridge,  rock  would  wear  when  coti- 
eianily  exposed  to  the  action  of  the  river,  3f  inches  in 
257  years,  or  a  yard  in  2467  years ;  but  as  only  107  yards 

out  of  1209  are  in  wear  at  any  one  time,  the  time  it  must  have 

1209 
taken  to  wear  a  yard  was  2467  x  -y^ry^  =  27,877  years,  and  as 

400  yards  have  been  so  worn  away  in  the  whole,  it  must  have 
taken  400  x  27,877,  or  about  11,150,000  years. 

The  circumstances  that  make  the  river  Wye,  in  this  dis- 
trict peculiarly  eligible  for  this  argument  are : — 

Firstly,  it  is  a  large  stream,  uninfluenced  by  tides,  and  hav- 
ing, for  so  considerable  a  stream,  a  great  fall,  as  much  as  2^ 
feet  in  a  mile  along  the  ^'  general  course,"  and  consequently 
a  rapid  current. 

Secondly,  it  flows  through  a  geological  formation  admirably 
suited  to  the  purpose ;  for  the  beds  of  the  Old  Red  sandstone 
are  here  comparatively  level,  firm  and  regular,  slowly  but 
surely  wearing  away  under  atmospheric  influences,  at  a  rate 
peculiarly  adapted  to  the  calculation  ;*  for,  if  the  rock  had 
.been  much  harder,  the  rate  of  wear  could  not  have  been  so 
well  estimated,  and  if  it  had  been  much  softer,  such  a  breadth 
of  land  would  have  been  worn  away  that  an  approximate  cal- 
culation could  hardly  have  been  made. 

And,  thirdly,  the  gently-undulating  character  of  the  sur- 
face of  the  country  enables  us  to  estimate  the  amount  of  that 
wear  as  easily  and  correctly  as  could  well  be. 

The  chance  of  error,  in  the  foregoing  calculation,  can  only 
exist,  to  any  amount  worth  noticing,  in  one  item,  namely,  the 

*From  all  that  I  haye  observed,  >Y)«t  has  little  or  no  effect  on  the  sanditone 
rock  of  this  country.  I  haye  never  seen  the  face  of  the  stone  ^  spalled"  or 
splintered  off  after  frost,  as  is  the  case  with  the  rocks  of  the  Oolitic  and  som« 
other  formations,  bat  the  wear  appears  to  proceed  from  a  gradual  and  slow,  but 
certain  disintegration  of  the  exposed  surface  under  atmospheric  action. 
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ttde  at  which  the  rock  of  this  country  is  worn  awfty  by  the 
fiver ;  to  determine  this,  nobetter  example  than  the  one  on  which 
the  calculation  has  been  made,  now  exists ;  although,  doubt- 
less, verr/  exact  observations,  carried  on  for  a  term  of  not  less 
than  forty  or  fifty  years,  on  a  number  of  different  portions  of 
the  beds  of  rock  exposed  to  the  action  of  the  river,  might  give 
a  more  reliable  result.  I  have,  however,  reason  to  think  that 
the  rate  of  wear  would  certainly  not  be  found  to  be  more^ 
probably  considerably  less  rapid  than  that  of  the  bed  at  Wil« 
ton  Bridge. 

The  two  other  items  which  form  the  basis  of  the  calcula- 
tion, namely,  the  proportion  of  cliff  exposed  to  the  action  of 
the  river  at  one  time,  and  the  whole  amount  worn  away,  are 
open  to  more  precise  observation  at  the  present  time,  and  can 
only  be  rendered  more  correct  by  increasing  the  number  of 
facts ;  those  however  already  in  my  possession  are  more  nu- 
merous than  are  here  brought  forward,  and  I  am  confident 
that  a  multiplication  of  them  will  only  tend  to  corroborate 
those  given  in  this  paper. 


On  the  Occurrence  of  Natro-Boro-Calcite  with  Glauber 
Salt  in  the  Gypsum  of  Nova  Scotia,  By  Henry  How, 
Professor  of  Chemistry  and  Natural  History,  King's  Col- 
lege, Windsor,  Nova  Scotia. 

The  Natro-Boro-Calcite,  to  which  the  following  communica- 
tion chiefly  refers,  must  be  ranked  among  the  least  common  of 
minerals,  inasmuch  as  it  has  hitherto  been  found  in  but  one 
locality,  and  is  not  yet  fully  described  in  the  manuals  of  mi- 
neralogy. The  circumstances  under  Which  I  have  lately  met 
with  it  will  add  not  a  little,  I  think,  to  the  interest  it  already 
possesses,  as  it  has  been  obtained  in  a  new  geological  position, 
and  in  a  state  of  greater  purity,  than  the  specimens  as  yet  ex- 
amined seem  to  have  had ;  so  that  I  have  been  enabled  to 
make  out  its  true  constitution,  which,  I  believe,  for  reasons 
presently  to  be  mentioned,  has  not  till  now  been  arrived  at. 
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The  brief  history  of  the  mineral  is  this.  It  was  originally 
senti  a  few  years  since,  to  Dr  Hayes  of  Boston,  U.S.,  from 
Tarapaca,  in  Peru,  where  it  had  been  found  in  the  nitrate  of 
soda  beds.  From  the  analysis  of  this  chemist,  it  seemed  to 
be  composed  of  water,  lime,  and  boracic  acid,  and  he  called  it 
Hydro-Boro-Calcite.  Ulex,  however,  examined  a  specimen 
from  the  same  locality,  and  finding  it  mixed  with  the  nitrate 
and  sulphate  of  soda,  he  boiled  the  whole  with  water  for  the 
extraction  of  these,  and,  analysing  the  residue,  he  expressed 
his  results  in  this  formula, 

NaO  3B03  +  2CaO,  SBOs  +  lOHO, 

and  he  named  the  mineral  Natro-Boro-Calcite. 

Professor  Anderson  of  Glasgow  afterwards  analysed  a  spe- 
cimen from  the  same  locality,  which,  though  somewhat  mixed 
with  foreign  matter,  he  showed  to  consist  essentially  of  the 
mineral  of  Ulex.  A  few  remarks,  extracted  from  the  paper 
containing  these  results,*  will  sufficiently  mark  the  characters 
of  the  Peruvian  mineral,  and  what  is  known  of  the  geological 
nature  of  its  till  now  unique  locality. 

*^  The  Natro-Boro-Calcite  is  found  in  the  nitrate  of  soda  beds 
of  the  province  of  Tarapaca,  in  Peru,  and  is  known  to  the  na- 
tives by  the  name  of  Tiza.  It  occurs  in  rounded  masses,  vary- 
ing from  the  size  of  a  hazel-nut  to  that  of  an  egg.  Externally 
these  have  a  dull  and  dirty  appearance,  but  when  broken 
across,  they  are  found  to  be  formed  of  a  series  of  interlaced 
needles  of  a  brilliant  white  colour,  and  silky  lustre.  These 
crystals  were  extremely  minute  in  all  the  pieces  I  examined, 
but  the  specimen  analysed  by  Hayes  was  composed  of  prisms 
a  quarter  of  an  inch  in  length. 

The  qualitative  analysis  indicated  the  presence  of  boracic 
and  sulphuric  acids,  lime,  soda,  water,  siliceous  sand,  and  traces 
of  chlorine.  Ulex  found  also  traces  of  nitric  acid,  but  that  I 
examined  contained  none. 

The  quantitative  analysis  gave  results  according  very  closely 
with  those  of  Ulex,  excepting  that,  previous  to  his  analysis,  he 
boiled  the  mineral  with  water  to  extract  the  nitrate  and  sul- 

*  Proc.  Phil.  Soc.  Glasgow,  Feb.  1863. 
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phate  of  soda  which  he  had  detected,  and  which  are  obyiously 
a  mechanical  admixture.  This  was  not  done  in  my  case,  as 
the  analysis  was  made  for  commercial  purposes,  and  I  was  de- 
sirous of  ascertaining  its  exact  composition  as  it  occurs.  Ulez 
obtained — 


Experiment. 

Calculation 

Water,   . 

26-0 

25-60 

Lime,     •            • 

15-7 

15-93 

Soda,      . 

8-8 

8-82 

Boradc  acid. 

49-5 

49-64 

100-00         100-00 
which  numbers  agree  very  closely  with  the  formula, 

Na0  2BO,  +  2CaO,  3BO,  +  10HO. 

*'The  conditions  under  which  this  substance  is  found  in 
loose  masses  in  the  nitrate  of  soda  beds,  give  it  a  peculiar  in- 
terest in  a  scientific  point  of  view,  and  render  it  highly  de- 
sirable that  we  should  have  full  details  of  the  whole  circum- 
stances of  its  occurrence.  The  district  of  Tarapaca  has  been 
as  yet  but  little  explored,  but  it  would  appear  that  it  is  chiefly 
volcanic ;  and  it  is  remarkable  that,  up  to  the  present  moment, 
boracic  acid  has  never  been  found  abundantly  except  in  vol- 
canic districts." 

The  rock  in  which  I  met  with  the  mineral,  in  March  last, 
is  part  of  a  very  extensive  formation  of  gypsum  in  the  western 
centre  of  Nova  Scotia,  and  the  precise  locality  or  bed  of  it  at 
Windsor,  on  the  Clifton  estate,  lately  the  property  of  Judge 
Haliburton.  My  attention  was  first  drawn  to  the  other  mineral 
I  have  named  at  the  head  of  this  paper — the  Glauber  salt — as 
a  curious  *'  stuff,"  which  had  attracted  the  notice  of  the  quarry- 
men,  and  which  they  called  '*  salts.*'  Upon  the  specimens  of 
"  salts"  shown  to  me  I  at  once  saw  that  at  least  two  distinct 
minerals  were  present ;  and  procuring  sufScient  of  both  from 
the  spot  myself,  I  submitted  them  to  examination.  I  give  the 
chemical  analysis  in  the  first  place,  and  afterwards  the  descrip- 
tion of  the  minerals  and  locality. 

The  Glauber  salt  was  easily  separated  in  a  pure  condition, 
and  its  analysis  in  the  fresh  state  gave, 
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Sulpbate  of  aoda,  44*54 

Water,  .  .  .  5546 


100*00 


showing  that  it  was  the  ordinary  mineral, 

NaOSOjflOHO. 

The  second  mineral  reminded  me  of  the  Tiza  which  I  had 
seen  in  the  hands  of  Br  Anderson,  in  Glasgow ;  and  a  careful 
selection  of  pieces  being  made,  it  was  proved  by  the  following 
results  to  be  identical  with  that  curious  substance.  The  water 
was  found  by  gentle  ignition ;  the  soda,  estimated  as  sulphate, 
in  a  portion  of  the  anhydrous  residue  from  which  the  boracic 
acid  was  expelled  as  fluoride  of  boron ;  the  other  ingredients  in 
a  separate  quantity ;  the  boracic  acid  by  deficiency.  The  whole 
results  were  calculated  upon  the  air-dry  mineral,  which  was 
always  employed  for  analysis,  and  I  obtained  from  the  sub- 
stance as  it  occurred. 


Soda,     . 

8*36 

Lime,    •             • 

13-95 

Boracic  acid, 

41*97 

Water, 

34-39 

Sulphuric  acid. 

1-29 

Magnesia, 

004 

100-00 

numbers  which,  notwithstanding  the  high  percentage  of  wa- 
ter, showed  me  that  I  really  had  to  do  with  Natro-Boro-Cal- 
cite.  Considering  the  last-mentioned  two  ingredients  as  acci* 
dental,  I  treated  a  portion  of  selected  mineral  with  cold  water, 
washed  well  with  the  same,  allowed  the  residue  to  dry  in  the 
air,  and,  after  about  ten  days'  exposure,  analysed  it.  It  was 
perfectly  free  from  sulphuric  acid,  and  gave  of  the  other  con- 
stituents. 

Experiment.    Calculation. 

Soda,    .  .  .  7-21  7-82 

Lime,   .  .  .  1420  14*12 

Boracic  acid,  .  .  44*10  44*02 

Water,  .  .  34-49  34*04 


10000  100*00 

The  recurrence  of  the  high  percentage  of  water,  and  the  ac- 
cordance of  my  expeirimental  numbers,  both  from  the  actual 
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and  the  purified  mineral,  with  the  calculated  figures,  are  ample 
warrant,  I  think,  for  the  formula  which  I  propose  as  the  true 
expression  for  the  air-dry  Natro-Boro-Calcite,  viz. : —  ^ 

NaO  2  BO3  +  2  CaO,  3  BO3  +  I5  HO, 
which  differs  from  that  of  Ulex,  before  given,  by  five  additional 
atoms  of  water,  which  I  think  it  probable  were  removed,  in  his 
case,  by  the  manipulations  with  boiling  water,  and  possibly  by 
desiccation  at  212°.  Indeed,  I  found  that  when  the  air-dry 
mineral  was  placed  in  the  air-bath  at  this  temperature,  it  lost, 
upon  separate  occasions, 

T.  II.  Mean. 

Water  «  8-25  7*58         791  per  cent,  ^ 

which,  deducted  from  my  total  loss  above,  leaves  26'49  for  the 
amount  retained,  a  number  so  close  to  that  really  obtained  by 
Ulez,  26  per  cent.,  as  to  leave  me  little  doubt  that  mine  is  the 
true  expression.  I  find  also  that  Hayes*  originally  gave  3& 
per  cent,  as  the  result  of  his  analysis. 

The  minerals  just  described  were  found  in  the  closest  asso- 
ciation in  narrow  cavities  partially  filled,  perhaps  two  inches 
deep,  forming  a  kind  of  interrupted  vein  in  the  body  of  the 
solid  gypsum  rock,  exposed  by  blasting,  about  thirty  feet  be- 
low the  surface,  and  extending  horizontally  some  few  feet. 
The  more  abundant  mineral  of  the  two  was  the  Glauber  salt, 
so  far  as  I  observed  personally,  but  the  quarrymen  told  me 
that  at  first  the  other  came  out  in  "  bowlfuls,"  but  they  threw 
it  %way.  I  obtained  only  a  few  ounces  of  the  Natro-Boro- 
Calcite,  and  perhaps  not  more  than  a  pound  in  all  was  pre-  i 

served  by  those  who  obtained  it  on  this  occasion. 

The  Qlauber  salt  was  perfectly  transparent  on  the  first  ex- 
posure, and  afforded  a  remarkably  fine  instance  of  the  crystal- 
line forms  of  the  mineral.  Some  crystals  which  I  saw  par- 
tially effloresced,  were  at  least  an  inch  and  a-half  in  length 
and  breadth.  Many  masses  were  penetrated  by  the  most  per- 
fect crystals  of  selenite,  of  various  sizes,  separate  and  in  j 
marls. 

The  Natro-Boro-Calcite  was  for  the  most  part  along  with 
and  among  the  crystals  of  the  Glauber  salt ;  and  in  some  in- 

*  Liebig  and  Kopp's  Jahresbericfat,  1849,  p.  780. 
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stances  the  latter  seemed  to  be  crystallized  on  the  former  as 
upon  a  nucleus ;  or  possibly  they  were  in  definite  combination 
as  a  totally  distinct  mineral ;  for  crystals,  which  at  first  were 
beautifully  transparent,  would  effloresce  after  a  day's  exposure 
or  lesSi  become  opaque,  and,  upon  being  placed  in  water,  show 
the  silky  lustre  peculiar  to  the  Tiza,  while  plenty  of  sulphate 
of  soda  was  to  be  found  in  the  water.  In  other  specimens  the 
Natro-Boro-Calcite  was  alone,  in  rounded  mammillated  masses, 
in  the  substance  of  the  gypsum ;  and  these,  which  were  of  all 
sizes  up  to  that  of  a  pigeon's  egg  or  larger,  on  being  broken, 
presented  the  appearance  of  a  finely-fibrous,  silky  lustrous 
mass,  brilliantly  white  in  colour. 

The  purest  pieces  had  a  specific  gravity  of  1*65  ;  hardness 
=:  1 ;  were  tough  between  the  teeth,  tasteless,  scarcely  soluble 
in  water ;  before  the  blowpipe  melted  with  ease  to  a  trans* 
parent  head. 

On  comparing  the  circumstances  of  this  occurrence  with 
those  referred  to  in  the  remarks  of  Professor  Anderson,  before 
quoted,  and  some  other  facts,  I  think  they  are  very  interesting. 
In  the  gypsum  of  Nova  Scotia,  we  have  a  new  and  distinct  lo- 
cality for  the  rare  mineral  Natro-Boro-Calcite,  which  is  ana- 
logous with  that  of  a  species  chemically  allied,*  boracite,  e.^., 
Mg  O  BO3,  being  found  in  the  gypsum  of  Holstein,  and  a  com** 
pact  boracite  forming  beds  with  rock  salt  and  gypsum  at  Stars- 
furth  in  Northern  Germany* 

With  these  exceptions,  boracio  acid  is  found,  as  is  well 
known,  either  in  directly  volcanic  regions,  most  abundantly  as 
such,  or  as  borax ;  and  a  recent  well-marked  case  of  actual 
sublimation  of  the  acid  from  a  volcano  in  the  Island  of  Vul- 
cano,  near  Sicily,  has  been  studied  by  Warrington,t  or  in 
smaller  amount  in  minerals  the  products  of  recent  or  extinct 
volcanoes,  as  Humboldtite,;^  from  ejected  blocks  of  Vesuvius 
and  Zeolites,  and  Datholite  from  trap  of  Salisbury  Crags,  New 
Jersey,  and  other  places,  or  in  minerals  of  purely  plutonic  or 
metamorphic  rocks,  as  Tourmalines,  the  Rhodizite  of  Eose,  and 
Axinite ;  the  species  which  contain  it  at  all  being  few  in  num- 

^  Niool's  Mineralogy,  p.  305. 
t  WeU'8  Annual,  1866,  p.  232. 
t  Nkors  Mineralogy,  p.  307. 
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ber.  It  may  be  noticed,  also,  that  traces  have  lately  been  met 
with*  in  the  Eochbrunnen  of  Wiesbaden  and  the  Eaiserquelle 
of  Aachen. 

If,  now,  we  may  reason  from  the  character  of  the  majority  of 
its  situations,  we  may  almost  consider  the  volcanic  or  at  least 
igneous  origin  of  boracic  acid  so  well  established  as  to  be  led, 
by  its  occurrence  in  the  saliferous  strata,  to  seek  for  some  vol- 
canic agency  as  the  cause  of  their  production. 

Such  an  origin,  I  find,  has  already  been  assigned  to  the 
gypsum  of  Nova  Scotia  by  Mr  Dawson.f  This  formation  has 
been  shown  to  be  a  member  of  the  lower  carboniferous  series, 
and  is  assumed  to  hav%  been  produced  by  the  action  of  riven 
of  sulphuric  acid,  more  or  less  dilute,  such  as  are  known  to  ex- 
sist;^  in  various  parts  of  the  world,  issuing  from  these  active 
volcanoes,  and  flowing  over  the  calcareous  reefs  and  bed  of  the 
sea.  "  In  accordance  with  this  view,  the  gypsum  is  found  only 
in  association  with  the  marine  limestones,  though,  as  might 
have  been  anticipated,  these  last  sometimes  occur  without  any 
gypsum."  § 

Gypsum,  which  is  geologically  of  various  ages  in  different 
countries,  was  supposed  by  the  writer  just  quoted  to  be  pecu* 
liar  to  the  lower  carboniferous  series  in  Nova  Scotia  alone,  but 
it  has  been  recently  shown  by  Professor  W.  B.  Kogersl  that 
a  bed  of  this  substance,  with  rock  salt,  occurs  in  a  thick  depo- 
sit in  limestone  of  the  same  period  near  New  Eiver,  in  Vir- 
ginia, in  the  Appalachian  belt. 

I  think  the  occurrence  of  Natro-Boro-Calcite  in  the  gypsum 
of  Nova  Scotia  cannot  but  lend  support  to  the  theory  of  Daw- 
son as  to  the  origin  of  this  rock,  when  all  the  circumstances 
above  mentioned  are  taken  into  consideration,  and  that  a 
search  for  it,  or  some  equivalent  in  similar  situations,  might 
lead  to  more  conclusive  evidence  as  to  the  geological  causes  of 
the  saliferous  systems  in  general,  and  furnish  additional  links 
of  union  between  the  sciences  of  geology  and  mineralogy. 

*  Liebig  and  Kopp's  Jahreflbericht,  1852,  p.  328. 

t  Acftdian  Geology,  p.  223. 

\  LyeU's  Elements,  chap.  xvi. 

§  Acadian  Geology,  p.  224. 

II  Edin.  New  PbU.  Joor.,  April  1857,  p.  360. 
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On  the  Cause  of  the  Pyramidal  Form  of  the  Outline  of  the 
Southern  Extremities  of  the  great  Continents  and  Penin- 
sulas of  the  Globe.  Bj  W.  L.  Green,  Esq.  of  Honolulu,  in 
the  Island  of  Woahoo,  Sandwich  Islands. 

Humboldt,  in  his  ''  Cosmos,"  remarks :  '*  The  pyramidal 
configuration  of  all  the  southern  extremities  of  continents  be* 
longs  to  the  similitudines  physicce  in  configuratione  mundi, 
to  which  Bacon  already  called  attention  in  his  ''  Novum  Orga- 
num  ;"  and  again  he  observes,  ''  The  pyramidal  terminations 
of  the  great  continents  are  variously  repeated  on  a  smaller 
scale,  not  only  in  the  Indian  Ocean,  and  in  the  peninsulas  of 
Arabia,  Hindustan,  and  Malacca,  but  also,  as  was  remarked 
by  Eratosthenes  and  Polybius,  in  the  Mediterranean,  where 
these  writers  had  ingeniously  compared  together  the  forms  of 
the  Iberian,  Italian,  and  Hellenic  peninsulas." 

A  glance  at  the  map  of  the  world  renders  the  truth  of  the 
above  obvious ;  indeed,  it  will  be  seen  that  there  is  no  consider- 
able portion  of  land  throughout  the  whole  globe  but  what  does 
terminate  towards  the  south  in  one  or  more  pyramidal  forms. 

The  cause  of  this  fact  may  be  expressed  (as  I  would  suggest) 
in  a  few  words,  viz.,  that  when  an  arched  or  conical  surface 
enters  the  water  at  an  angle,  in  the  direction  of  the  lengthy 
the  water  line  must  always  describe  a  conical  figure  thereon, 
with  the  apex  pointed  to  the  deflected  end. 

In  the  application  of  this  fact  to  the  case  in  point,  it  will 
readily  be  perceived  that,  as  a  rule,  the  surface  of  every  con- 
tinent or  peninsula  partakes  more  or  less  of  an  arched  or  a 
conical  form, — that  is  to  say  (independently  of  its  arched  form 
as  a  portion  of  a  spheroid),  it  is  higher  towards  the  centre 
than  at  the  sides,  and  the  incline  from  the  interior  towards  the 
sea-coast  is  moderately  regular. 

There  is  no  fact  in  geology  better  established  than  that  vast 
portions  of  the  earth's  crust  are  constantly  undergoing  a 
change  of  level.  The  great  area  in  the  Pacific  Ocean  occupied 
by  atols  and  coral  islands  is  perhaps  the  grandest  and  best 
proved  instance  of  this  fact.    These  atols  also  prove,  as  has 
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been  ably  demonstrated  by  Darwin  and  Dana,  that  the  nature 
of  the  subsidence  or  upheaval  is  not  necessarily  a  simultaneous 
ascent  or  descent  of  the  whole  area,  but  rather  that  a  large 
segment  of  the  earth's  crust  remains  stationary,  or  nearly  so, 
at  one  end,  and  rises  or  falls  at  the  other. 

It  is  self-evident  that  the  largest  and  deepest  oceans  are  the 
areas  of  greatest  subsidence,  and  that  the  southern  hemisphere, 
consisting  as  it  does  of  nearly  all  ocean,  has  been  the  grand 
area  of  subsidence.  If,  then,  the  axis  of  this  area  of  subsi- 
dence (or  of  these  several  areas  of  subsidence)  has  been  any- 
where to  the  northward  of  the  pyramidal  extremities  of  South 
America,  Africa,  Arabia,  Hindustan,  and  Malacca,  that  form 
of  coast  line  follows  as  a  necessary  consequence  ;  for  they  are 
arched  or  conical  surfaces,  entering  the  ocean  at  an  angle  in 
the  direction  of  their  length  ;*  and  they  have  their  apices 
pointing  to  the  deflected  end. 

What  the  Southern  and  Indian  Oceans  are  to  these  coun- 
tries, the  Mediterranean  is  to  the  peninsulas  projecting  into  it ; 
the  Atlantic  to  Ghreenland,  Newfoundland,  and  the  south-west 
of  England ;  and  perhaps  North  America  may  owe  its  form  to 
die  same  principle. 

It  is  immaterial  to  the  truth  of  this  principle  whether  any 
of  these  particular  countries  be  at  present  rising  or  falling,  all 
that  is  necessary  is,  that  an  area  of  the  earth's  surface,  of  more 
or  less  arched  or  conical  superficies,  enters  the  sea,  or  emerges 
from  it  at  an  angle. 

A  simple  practical  exemplification  of  the  principle  is  obtained 
by  taking  in  the  hand  a  common  playing  card,  and  arching  it 
slightly  by  pressing  the  two  sides;  insert  it  in  a  basin  of 
water  with  the  arch  uppermost,  and  the  lower  edges  just  below 
the  surface,  the  greater  part  of  the  arch  being  above ;  then 
depress  one  end  just  below  the  surface,  and  the  water  line  will 
form  a  good  representation  of  the  southern  extremities  of 
South  America,  Africa,  or  Hindustan,  according  to  the  angle 
of  depression.    By  bending  the  card  along  the  middle,  thus 

*  It  is  hardly  necessary  to  call  attention  to  the  fact,  that  all  the  nain  moun- 
tain chains  of  the  portions  of  continents  where  the  pyramidal  form  exists  run 
north  and  south,  or  nearly  so, — that  is  to  say,  the  arched  or  conical  superficies 
enter  the  ocean  .at  an  angle  in  the  direction  of  their  length. 
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forming  a  ridge  in  the  centre  with  straight  sloping  sides,  and 
depressing  one  end  in  the  water  as  above,  similar  figures  are 
produced ;  or,  bending  the  card  parallel  to  its  length,  about 
three-fourths  of  an  inch  from  one  side  (the  ridge  thus  formed 
representing  the  position  of  the  Andes  to  South  America),  and 
depressing  one  end  below  the  surface  of  the  water  at  a  certain 
angle,  an  exact  representation  of  the  southern  extremity  of  that 
country  is  formed  by  the  water  line. 

The  smaller  the  angle  at  which  such  a  surface  enters  the 
water,  the  more  acute  will  be  the  conical  figure,  and  vice  versa. 
This  agrees  with  the  facts  as  shown  in  the  three  countries  just 
named ;  inasmuch  as  where  we  find  most  ocean,  there  we  should 
expect  the  greatest  depression,  and  the  surface  of  the  land  to 
enter  the  ocean  at  the  greatest  angle.  Thus  to  the  southward 
of  Hindustan  there  is  more  ocean  than  to  the  southward  of 
Africa,  and  the  angle  of  the  conical  figure  of  the  former  is 
consequently  more  obtuse  than  that  of  the  latter ;  whilst  to 
the  southward  of  Africa  there  is  more  ocean  (and  probably, 
therefore,  more  depression)  than  to  the  southward  of  South 
America,  and  the  angle  of  the  coast  lines  is  more  obtuse  than 
those  of  the  last-named  country,  which  are  the  most  acute  of 
the  three,  and,  having  the  least  area  of  ocean  to  the  southward, 
may  be  expected  to  be  inclined  to  the  ocean  at  the  smallest 
angle. 

The  bluff  point  of  Africa  is  evidently  a  local  result,  arising 
from  the  circumstance  of  there  being  a  table-land  there,  and 
is  rather  a  corroboration  of  the  truth  of  the  principle  now  ad- 
vanced than  otherwise,  for  this  is  just  the  effect  a  table-land 
would  have  under  the  circumstances  supposed. 

It  is  of  course  not  to  be  expected  that  we  should  find  per- 
fectly conical  or  pyramidal  coast  lines  in  these  countries,  as 
local  elevations,  subsidences,  and  degradations  destroy  the 
regularity  of  the  surface,  which  has  a  corresponding  effect  on 
the  regularity  of  the  coast  lines. 

The  general  average  height  of  the  land  above  the  sea-level 
should,  on  this  principle,  decrease  not  only  from  the  central 
portion  towards  the  sides  or  coasts,  but  also  from  the  direction 
of  the  supposed  highest  end  of  the  area  towards  the  lower, 
— from  the  northern  base  of  the  pyramid  to  the  apex  at  the 
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south ;  and  this  seems  to  be  actually  the  case.  The  extensiye 
and  high  table-lands  appear  to  be  where  they  should  be  in 
South  America,  Africa,  and  Hindustan.  Volcanic  peaks  must 
not  be  accounted  in  estimating  these  relative  heights ;  and 
even  mountain  ranges  not  rolcanic,  which  may  have  been 
raised  subsidiary  as  it  were  to  the  grand  movement,  can 
only  be  expected  to  show  a  partial  agreement  with  the  prin- 
ciple. 

The  general  course  of  the  rivers  should  show  a  tendency  to 
flow  towards  the  deflected  end  of  the  area,  besides  running 
east  and  west  from  the  crown  of  the  arch  or  ridge ;  and  in 
accordance  with  this,  we  find  a  marked  southerly  trend  of  the 
rivers  in  the  conical  portions  of  South  America,  Africa,  Hin- 
dustan, and  in  the  great  track  to  the  southward  of  China,  end- 
ing in  the  peninsula  of  Malacca. 

It  may  be  observed,  that  when  a  table  land  of  unusual  height 
extends  across  an  area,  thus  entering  the  ocean  at  an  angle, 
the  coast  line  would  necessarily  make  a  sudden  curve  in  at  the 
point  where  it  ended.  This  may  perhaps  account  for  the  deep 
bights  on  each  side  of  South  America,  and  on  one  side  of 
Africa. 

The  subsidence  exhibited  by  the  ocean  at  the  north  polar 
regions,  being  a  comparatively  small  circular  area  of  depres- 
sion in  a  mass  of  land  of  somewhat  even  character  of  surface, 
would  necessarily  not  admit  of  larger  pyramidal  outlines  of 
land  than  capes  and  promontories. 

Although  the  proved  nature  of  the  subsidence  over  the  large 
area  of  atols  in  the  Pacific  Ocean, — that  is,  stationary  at  one 
end  and  depressed  at  the  other, — is  brought  forward  to  show 
the  probability  that  this  may  be  the  nature  of  all  the  subsi- 
dences and  upheavals  of  the  earth's  crust  on  a  grand  scale ;  the 
certainty  of  the  fact,  that  a  conical  or  arched  superficies  enter- 
ing the  sea-level  at  an  angle  must  present  a  conical  or  pyra- 
midal outline  where  the  water  cuts  it,  ought  rather,  in  view  of 
the  phenomenon  that  all  the  great  continents  or  peninsulas 
(being  conical  or  arched  surfaces)  point  with  their  apices  to 
areas  of  subsidences,  be  the  proof  that  such  is  the  mode  of 
that  subsidence  or  upheaval. 
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General  Considerations*  relating  to  the  EartKs  Crusty  which 
seem  to  occur  from  the  nature  of  its  Subsidences^  as  exhi" 
hited  by  thefomn  of  the  Southern  Extremities  of  Continents; 
also  their  probable  connection  tviih  Volcanoes^  illustrated 
by  Kilanea. 

Confining  our  view,  for  the  present,  to  the  southern  half  of 
the  globe,  as  divided  by  the  equator,  it  will  be  evident  (if  the 
cause  of  the  form  of  the  southern  extremities  of  continents  be 
considered  as  demonstrated)  that  the  whole  solid  crust  of  the 
southern  hemisphere  is  inclined  at  an  angle  to  the  surface  of 
the  true  spheroidal  form  of  the  earth ;  or,  at  any  rate,  it  is  so 
from  the  equator  to  some  parallel  of  latitude  to  the  south- 
ward of  Cape  Horn,  say  at  least  to  60°  south. 

But  besides  this  inclination,  there  is  another  general  form, 
which  the  surface  of  the  solid  crust  in  this  hemisphere  must 
have  (between  the  equator  and  60°  south),  judging  from  the 
facts  as  we  find  them. 

If  we  commence  from  a  point  on  the  equator  where  longi- 
tude 25°  west  cuts  it  (being  about  the  centre  of  the  North  and 
South  Atlantic  Oceans,)  and  draw  a  straight  line  (on  the  globe) 
to  a  point  in  latitude  60°  south  and  35°  east  longitude,  that  is 
to  say,  60°  south  and  60°  to  the  eastward ;  from  this  point 
another  line  to  a  point  on  the  equator,  60°  northward  and  60° 
eastward ;  thence  60°  southward  and  60°  eastward  again,  and 
80  on  round  the  globe,  till  we  arrive  at  the  point  from  which  we 
started ;  we  have  in  the  spaces  included  in  these  lines  six  re- 
gular triangular  areas,  each  of  120  degrees  base.  In  three  of 
these  spaces  we  find  nothing  but  ocean,  and  in  the  other  three 
all  the  land  in  this  portion  of  the  globe  pretty  equally  divided  ; 
the  sea  spaces  and  land  spaces  being  also  alternate,  that  is  to 
say,  there  is  an  area  of  all  ocean  between  each  triangular  area 
containing  the  l^d.  And  further,  if  we  include  in  our  view 
Madagascar  with\ifrica,  and  New  Zealand  with  Australia, 
we  find  the  apices  of  the  cones  formed  by  the  coast  lines 
point  to  about  the  southern  angle  of  the  three  imagined  trian- 

*  Some  of  these  considerations  are  merely  speculative ;  and  although  they 
depend  mainly  on  the  truth  of  the  view  taken  of  the  form  of  the  southern  ex- 
tremities of  coniinentB,  they  may  he  wrong;  but  the  truth  of  that  view  is  in 
nowise  dependent  upon  these  speculations. 
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golar  areas  containing  the  land ;  or,  in  other  words,  we  ought 
to  look  for  the  central  ridge  of  the  conical  superficies  in  or 
near  the  line  drawn  through  the  centre  of  our  land  areas.  The 
three  meridian  lines,  which  in  fact  equally  divide  our  triangles 
containing  the  land,  pass  within  three  degrees  of  the  Northern 
Andes,  through  the  great  north  and  south  chain  of  Southern 
Africa,  and  within  three  degrees  of  the  New  South  Wales  and 
Van  Diemen's  Land  range  of  mountains.  That  is  to  say,  they 
pass  close  to  the  three,  and  the  only  three,  great  north  and 
south  ranges  of  the  southern  hemisphere.  Or,  taking  the  six 
meridian  lines  at  equal  distances  of  60°  each,  which  divide 
our  six  triangular  areas,  it  may  be  affirmed,  speaking  gene- 
rally, that  three  pass  along  the  highest  ridges  of  land,  and 
three  along  the  central  or  deepest  portions  of  the  ocean,  in  the 
southern  hemisphere ;  a  line  of  ridge  and  a  line  of  hollow  being 
alternate  and  at  equal  distances. 

It  is  easy  to  perceive,  by  inspection  of  the  accompanying 
sketch  (PL  I.,  fig.  No.  1)  of  the  Southern  Hemisphere,  show- 
ing these  triangular  areas,  that  a  section  of  the  globe  taken 
through  any  parallel  of  latitude  between  the  equator  and  60"" 
south  would  exhibit  on  the  surface-line  of  the  solid  crust  a 
figure  approaching  that  in  fig.  No.  2  (PI.  I.),  which  is  supposed 
to  be  a  section  taken  through  the  tropic  of  Capricorn,  exag- 
gerated in  proportions  to  be  rendered  more  clear  and  sensible. 

It  seems  hardly  necessary  to  observe,  that  this  general  view 
of  the  facts  of  the  form  of  the  earth's  crust  in  the  southern 
hemisphere  is  more  compatible  with  the  hypothesis  of  a  solid 
crust,  shrinking  on  to  a  contracting  fluid  interior  than  with 
any  other  hypothesis  advanced.  It  must  be  left  to  mathema- 
ticians to  say  whether  a  supposed  equal  force,  acting  upon 
every  point  of  a  hemispherical  crust  of  supposed  equal  strength, 
would  not  be  resolved  into  three  directions,  and  tend  to  cause 
six  rents,  as  supposed  in  fig.  No.  2  (PL  I.) ;  and  whether  the 
irregular  hexagonal  form,  that  is  with  the  alternate  angles  in- 
terior, is  not  the  form  that  ought  to  exist  under  the  circum- 
stances supposed. 

There  is  one  result  of  an  equal  pressure  on  the  hardened 
crust  of  a  spheroid  which  does  not  require  a  mathematical 
calculation  to  be  perceived  to  be  a  necessary  one, — ^that  is, 
that  the  fiattened  poles  must,  other  things  being  equal,  be  the 
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first  to  yield.  Is  tliere  evidenee  that  the  {>oIes  of  the  earth 
have  so  yielded  first,  and  now  exhibit  the  greatest  depression  1 
The  (Circular  space  of  ocean  existing  as  far  as  we  can  pene- 
trate at  the  North  Pole,  shows,  at  any  rate,  a  oertain  aiiftonnt, 
and  a  regular  amount,  of  depression  there. 

The  Antarctic  continent  at  the  south  is  as  yet  no  evidence 
that  the  depression  of  the  solid  crust,  now  assumed  to  be  proved 
to  exist  in  an  increasing  degree  from  the  equator  to  60°  south, 
is  not  still  greater  between  this  parallel  and  the  South  Pole, 
inasmuch  as  all  that  land  is^asfaf  as  known,  purely  wJcamc. 
It  is  a  part  of  the  view  now  advanced  of  the  nature  of  the  de- 
pression of  the  earth's  crttet,  that  there  will  probably  be  an 
outbreak  of  the  molten  interior  at  the  central  portion  of  the 
line  of  depressi<Mi.  It  is  to  be  expected  (as  an  inspection  of 
fig.  No.  2  (PI.  I.)  will  explain),  that  a  rent  will  be  formed  in 
the  solid  crust  at  the  points  or  lines  of  the  resolution  of  the  de- 
pressing forces.  The  molten:  interior,  then,  may  flow  out  to 
the  height  due  to  tiie  pressure  (modified  by  accompanying 
accidental  circumstances),  it  may  solidify,  thicken  the  crust 
about  that  region,  and  show  above  the  ocean  as  land ;  but  is 
no  proof  whatever  of  the  bodily  rise  or  non-depression  of  the 
mass  of  the  solid  crust  of  the  earth, 

A  notable  instance  of  a  line  of  purely  volcanic  matter,  and 
no  other  land  whatever,  along  a  line  of  depression  (in  accord- 
ance with  this  view),  is  exhibited  by  Iceland,  the  Azores, 
Cape  de  Verde,  Trinidad,  and  Sandwich  Land,  extending  from 
the  Arctic  to  the  Antarctic  circle,  and  all  included  within  about 
ten  degrees  of  longitude.  The  central  meridian  of  this  space, 
25°  west,  was  the  starting-place  for  our  six  lines,  and  goes 
tihrough  the  centre  of  the  first  of  our  areas  of  subsidence  in  the 
southern  hemisphere* 

Whatever  laws  have  governed  the  form  of  the  solid  sur- 
face of  the  southern  hemisphere  must,  we  may  be  satisfied, 
have  also  governed  those  of  the  northern  ;  and  if  we  cannot 
equally  well  apply  the  same  to  both,  it  is  because  some  ihodi- 
fying  cause,  not  understood,  has  altered  or  complicated  the 
efifects.  The  simplicity  of  the  observed  facts  of  the  case  in 
the  southern  hemisphere,  and  their  comparative  complexity 
in  the  northern,  ought  to  induce  us  to  confine  our  attention  to 
the  former  first,  resting  assured  that;  when  these  are  brought 
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under  law,  the  facts  of  the  northern  hemisphere  must  some 
day  be  included. 

It  has  been  shown,  principally  through  the  admirable  expo- 
sitions of  Darwin,  that  lines  of  active  volcanoes  are  generally 
found  on  areas  of  upheaval,  or  at  least  that,  where  volcanoes 
are  active,  there  the  land  is  rising :  that  on  areas  of  known 
subsidence,  active  volcanoes  are  not  found.  This  is  principally 
exemplified  in  the  Pacific  Ocean,  where  perhaps  an  equally 
correct  statement  of  the  case  might  be  expressed  as  follows,  viz. : 
— ^that  active  volcanoes,  and  narrow  areas  and  lines  of  moderate 
upheaval,  in  the  Pacific  Ocean,  are  found  on  the  borders  of 
areas  of  subsidence,  and  no  active  volcanoes  within  them. 

On  the  principle  now  advanced,  of  subsidences  of  large 
areas  of  the  earth's  crust  at  one  end,  from  a  comparatively 
stationary  axis  at  the  opposite  end,  the  above  circumstances 
would  seem  to  result  as  a  matter  of  necessity.  Referring  again 
to  a  portion  of  the  earth's  crust,  in  the  form  supposed  to  exist 
in  the  section  through  the  tropic  of  Capricorn  (fig.  3),  it  will  be 


seen  that  the  effect  of  the  mutual  pressure  which  must  exist 
amongst  the  segments  is  to  cause  an  upheaval  at  the  sides 
opposite  to  the  depressed  sides.  Suppose  A,  B,  C,  D,  and  £, 
P,  G,  H  to  be  any  two  of  such  six  segments,  or  any  two  of  any 
number  of  segments  extending  round  the  earth,  with  their 
sides  mutually  resting  on  each  other,  it  will  be  evident,  on  in- 
spection, that  any  force  which  acted  so  as  to  depress  the  seg- 
ments at  A  and  H  would  tend  to  raise  them  at  B  and  F.  The 
rents  between  all  these  segments  would,  we  might  expect,  be 
filled  with  the  molten  interior,  and  volcanoes  or  eruptions  of 
trap  might  exist  along  the  lines  of  rent.  The  volcanoes  along 
the  rents  of  upheaval  might  well  be  active ;  for  we  can  perceive 
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no  reason  why  they  should  not  be ;  those  along  the  rent  of  de- 
pression would  be  extinct ;  because  this  would  be  the  natural 
effect  of  submerging  an  active  volcano  for  centuries  in  the 
depths  of  the  ocean.  The  water  would  have  access  to  cool 
and  solidify  the  molten  matter  in  the  rent.  Were  the  greatest 
active  volcano  in  the  world,  Kilanea  on  Hawaii,  to  be  sub- 
merged, together  with  the  whole  island,  to  the  depth  of  one 
mile  below  the  surface,  we  can  imagine  the  effect  a  few  thou- 
sand years  might  have  upon  it ;  but  with  Kilanea  one  mile 
below  the  surface,  Mannakea  would  still  exist  above  it,  an  ex- 
tinct volcanic  island  4000  feet  high.  Such  extinct  volcanic 
islands  are  commonly  found  in  the  central  portions  of  oceans, 
or  in  the  central  lines  of  areas  of  depression. 

The  low  line  of  volcanoes,  active  and  extinct,  in  the  Sand- 
wich Islands,  is  situated  upon  a  line  of  upheaval  between 
two  areas,  one  of  known  subsidence  (the  old  region),  and  one 
of  deep  sea  (assumed  subsidence).  The  principal  active  vol- 
cano, Kilanea,  is  unique  in  the  phenomena  it  presents ;  nor  can 
they  be  accounted  for  on  any  theory  hitherto  advanced  as  to 
the  moving  cause  in  volcanoes  generally.  The  only  supposition 
approximating  to  probability,  in  the  case  of  other  volcanoes, 
viz.,  that  of  the  waters  of  the  ocean  obtaining  access  to  the  mol- 
ten interior,  here  fails.  There  is  no  outburst  of  steam,  vapours, 
or  gases  whatever.  The  greatest  amount  of  vapour  that  is  ever 
seen  or  noticed  in  any  way  may  be  fully  accounted  for  by  the 
rills  of  fresh  water  which  may  percolate  amongst  the  heated 
rocks.  Nothing  is  seen  but  a  comparatively  quiet  unfathom- 
able lake  of  liquid  stone.  This  great  lake  has  its  tides,  which 
rise  or  fall  hundreds  of  feet  with  fearful  calmness.  The 
greatest  eruptions  are  the  quietest ;  thousands  of  acres  of  land 
may  be  covered  hundreds  of  feet  thick  with  the  molten  lava, 
and  the  inhabitants  a  few  miles  off  know  nothing  at  all  about 
it.  If  the  rise  of  such  enormous  masses  were  caused  by  ex- 
panding vapours,  we  ought  to  see  or  hear  something  of  them 
now  and  then.  The  roar  of  the  escape  of  the  steam  which 
could  produce  such  tremendous  mechanical  effects  as  are  con- 
stantly produced  on  Manua  Loa,  would  be  heard  over  the 
whole  group;  and  it  would  surely  sometimes  escape  after 
doing  its  work.  No  such  instance  has  ever  been  recorded.  I 
do  not  hesitate  to  say  that  steam,  vapour,  or  gases,  are  no 
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more  the  oause  of  the  great  moYementa  of  the  layas  on 
than  the  dust  which  accompanies  the  movement  of  an  army  is 
the  cause  of  its  march.  In  this,  as*  prohably  in  other  yol- 
canoes,  and  as  in  thousands  of  other  instances,  cause  and  effect 
have  been  confounded. 

The  great  rises  and  falls  of  molten  matter  in  the  rents  of 
the  earth  which  are  or  may  be  open  to  the  surface  on  Manua 
Loa,  may  perhaps  be  looked  upon  as  simply  the  varying 
height  of  a  column  of  liquid  matter  connected  with  the  liquid 
interior,  depending  on  the  pressure  of  the  nearest  segments  of 
the  earth's  crust  on  that  interior,  modified  by  the  tempera- 
ture, and  constant  liquidity  or  viscidity,  by  the  varying 
amount  of  the  pressure  of  the  atmosphere,  and  by  the  form, 
perhaps  a  varying  one,  of  the  communicating  rent  or  orifice. 
As  we  find  a  steady  succession  of  outpourings  have  occurred 
for  many  ages  past,  and  as  we  know  that  a  steady  subsidence 
of  an  adjoining  area  of  the  earth's  crust  has  also  being  going 
on  during  the  same  time,  may  not  a  succession  of  minute  sub- 
sidences of  a  segment,  as  above  supposed,  have  been  the  pri- 
mary cause  of  corresponding  small  rises  in  the  column  of  lava 
and  of  the  consequent  regular  overflows  t 

As  J.  D.  Dana,  the  Geologist  to  the  United  States  Explor- 
ing Expedition,  and  the  last  person  who,  I  believe,  has  scien- 
tifically inquired  into  the  causes  and  phenomena  of  this  vol- 
cano, advances  with  considerable  detail  and  ingenuity  the 
opposite  opinion  to  this ;  that  is,  he  argues  that  the  rise  of 
the  lavas  is  due  to  the  steam,  vapours,  or  gases  arising  from 
the  access  of  fresh  water  to  the  column  of  lava  in  the  rent  or 
conduit ;  it  may  be  necessary  for  me  to  state  my  view  of  the 
causes  of  the  principal  phenomena  which  he  attributes  to  the 
action  of  expanding  vapours. 

And  first,  with  respect  to  the  "  boiling  motion"  in  the 
great  lake ;  ''  the  flow  of  the  lavas  in  an  unceasing  current  to 
the  south-west,"  he  observes  of  it,  "  the  steam  is  seen  to  move 
on  at  a  rate  which  has  been  estimated  at  three  and  a  half 
miles  per  hour."  This  motion  he  agrees  with  Mr  I.  Coan  in 
comparing  to  that  of  a  boiling  cauldron  ;  for  he  says  *'  it  can 
be  nothing  else."  That  there  may  be  a  certain  amount  of 
vapour  escaping  from  this  lava,  arising  from  the  access  of 
fresh  water  to  portions  of  the  column  near  the  surface  parti- 
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cularly,  is  not  improbable ;  but  that  this  constant,  regular,  and 
steady  motion  in  one  direction  is  caused  by  Such  escaping 
yapours  may  well  be  doubted. 

1  would  suggest,  whether  the  cooling  of  the  exposed  surface 
of  this  molten  lake  would  not  cause  the  cooled,  and  conse- 
quently heavier,  portions  to  descend  (as  in  water),  to  be 
replaced  by  the  hotter  and  therefore  specifically  lighter 
portions^  from  the  comparatively  inexhaustible  supply  of  the 
molten  interior.  This  action  might,  and  probably  would, 
assume  the  form  of  a  current,  the  direction  of  which  would 
depend  upon  the  form  of  the  sides  of  the  conduit.  The  differ- 
ent angle  of  inclination  of  the  sides,  for  instance,  might  easily 
be  supposed  to  produce  a  surface  Current. 

The  other  remarkable  phenomenoti,  for  which  it  seems  at  first 
sight  extremely  difficult  to  account,  is  this ;  that  whilst  the  pro- 
bability is,  that  the  conduits  of  Kilanea  and  of  Mokuweoweo 
(the  summit  crater  of  Manua  Loa)  must  unite  at  some  depth 
beneath  the  surface,  both  being  filled  with  a  liquid,  the  column 
of  lava  in  the  latter  often  stands  nearly  ten  thousand  feet 
above  that  of  the  former,  without  even  sensibly  affecting  its 
height  or  action. 

Dana  supposes  that  the  lava  in  one  column  may  be  more 
inflated  with  vapours  and  gases  than  that  in  the  other ;  and 
therefore  being,  on  the  whole,  specifically  lighter,  a  longer 
column  would  balance  a  shorter  one. 

Without  pretending  to  say  that  this  inflation  may  not  exist 
to  a  certain  extent  in  the  upper  portions  of  the  column,  and 
therefore  have  some  partial  effect,  I  would  suggest  another 
ca^ise,  which  seems  to  require  no  supposition,  but  whut  must  be 
a  necessary  resuh  of  the  facts  of  the  case. 

The  sketch  givei^  in  Dana's  work  represents  a  section  of 
Manua  Loa,  showing  the  proportionate  slopes  and  distances 
on  the  surface,  and  the  width  of  the  craters  of  the  two  Vol- 
canoes, all  according  to  scale,  as  determined  by  the  officers 
of  the  Expedition.  The  lines  representing  the  sections  of  the 
conduits  are  of  course  imaginary,  but  may  fairly  be  expected 
to  give  a  probable  representation  of  their  form. 

There  can  be  little  doubt  that  the  conduit  of  the  summit 
crater  (being  the  main  and  the  largest  crater,  and  the  effects 
resulting  from  it  having  vastly  exceeded  those  of  Kilanea),  is 
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also  mach  the  larger  of  the  two.  Now,  in  two  conduits  sup- 
posed to  be  connected,  with  the  same  heated  liquid  mass  of 
fixed  temperature,  the  temperature  in  the  wider  one  would, 
other  things  being  equal,  be  higher  than  in  that  of  the  other, 
in  proportion  to  the  squares  of  their  diameters,  or  in  the  pro- 
portion of  the  mass  to  the  amount  of  cooling  surface. 

The  rest  follows  of  necessity  from  this  fact,  which  is  also  a 
necessity.  A  column  of  cold  water  will  balance  a  longer 
column  of  hot  water  where  the  difference  in  temperature  is 
only  perhaps  ISO"",  how  much  more,  then,  must  we  expect  a 
column  of  molten  lava  of  certain  temperature  to  balance  a 
longer  one  of  a  temperature  higher  perhaps  by  1000''.  But 
besides  the  actual  difference  in  specific  gravity  which  must 
exist  in  the  lava  of  the  two  columns,  we  must  in  this  case 
take  into  account  the  increased  viscidity  of  the  lava  as  the 
temperature  is  lower ;  that  is  to  say,  a  pressure  on  the  base  of 
the  cooler  and  more  viscid  column,  that  would  not  sensibly 
affect  its  height,  on  account  of  this  comparative  viscidity, 
might  raise  the  hotter  and  more  liquid  one  a  considerable 
height.  According  as  a  liquid  loses  the  theoretical  properties 
of  a  liquid,  or  becomes  viscid,  so  it  is  less  amenable  to  the 
theoretical  laws  of  liquids.  Water  itself  is  not  a  theoretically 
perfect  liquid,  and  in  many  practical  cases,  from  the  cohesion 
of  its  particles,  is  not  governed  by  the  theoretical  rules.  How 
much  less,  then,  may  we  expect  lava  to  be  so.  The  difference 
in  the  friction  of  the  ascending  hotter  currents  in  two  conduits 
of  different  diameter,  must  be  an  important  effect  to  be  added 
to  the  two  already  mentioned  in  causing  a  greater  relative 
reduction  in  the  temperature  of  the  lava  in  the  narrower  one. 

These  principles,  as  it  appears  to  me,  explain  easily  and  natu- 
rally this  the  most  anomalous  phenomenon  in  the  eruptions  of 
Kilanea  and  Manua  Loa. 

It  will  be  seen,  first,  that  the  column  of  lava  in  the  summit 
crater  conduit  may  always  stand  many  thousand  feet  higher 
than  in  that  of  Kilanea,  and  yet  never  be  visible,  or  its  effects 
be  apparent,  either  in  the  crater  or  on  any  part  of  the  moun- 
tain. An  outbreak,  therefore,  may  occur  through  the  sides 
of  the  mountain,  far  above  the  level  of  Kilanea,  without  hav- 
ing any  other  effect  on  the  latter  than  perhaps  lowering  it 
It  is  "  the  last  hair  that  breaks  the  camel's  back  f  and  a  very 
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slight  rise  in  the  column  may  rend  the  mountain,  ahready  and 
for  some  time  in  a  state  of  tension.  Still,  as  before  explained, 
a  considerable  rise  may  take  place  in  the  lighter  and  more 
fluid  column  of  the  greater  conduit  without  sensibly  affectiDg 
that  in  the  smaller.  There  can  be  no  doubt  that  there  ought 
to  exist  a  certain  amount  of  correspondence  between  the  move- 
ment of  the  lava  in  the  two  columns,  however  different  the 
actual  height ;  but  how  are  we  able  to  detect  it?  The  surface 
level  of  the  summit  column  is  always  far  out  of  our  sight, 
except  in  a  few  fitful  moments,  when  it  rises  to  the  bottom  of 
the  crater.  Or  if,  judging  from  an  outburst  through  the  sides 
of  the  summit,  we  suppose  the  level  to  have  risen,  and  hasten 
to  Kilanea  to  observe  the  effect,  we  find  it  lower  than  when  we 
last  saw  it.  The  outburst  at  the  summit  of  Manua  Loa  has 
lowered  the  column  in  that  conduit,  and  that  in  Kilanea  may 
have  fallen  in  consequence.  The  nature  of  the  case  supposed 
— ^the  lava  in  one  column  being  invisible— -rendeirs  it  all  but 
impracticable  to  detect  the  correspondence  of  movement  in  the 
two  conduits. 

The  eruptions  in  this  mountain  are  far  less  noisy,  and  ac- 
companied with  fewer  circumstances  to  astonish  the  senses, 
than  in  most  instances,  because,  no  doubt,  as  Dana  says,  the 
lavas  are  far  more  liquid,  and  the  vents  are  open.  There  are 
no  means  of  confining  or  entangling  elastic  vapours, — effects 
which  probably  are  merely  incidental  to,  and  the  results  of, 
the  rise  or  overflow  of  vast  masses  of  molten  rock  in  all  vol- 
canoes, not  their  causes. 

Dana  asks.  Why  are  the  lavas  of  Hawaii  more  liquid  than 
those  of  most  other  volcanoes  ?  He  tries  the  fusibility,  and  finds 
it  no  greater  (if  so  great)  than  that  of  other  lavas,  and  leaves 
the  question  unanswered.  The  conduits,  from  the  source  of 
the  lava,  are  wider,  judging  from  all  the  observed  circum- 
stances than  those  of  any  other  known  volcano.  I  have  already, 
shown  that,  under  such  circumstances,  the  temperature  would 
necessarily  be  higher,  and  consequently  (cceteris  paribus)  the 
liquidity  greater  than  in  any  volcano  with  a  conduit  of  less 
diameter. 

Were  we  at  a  loss  to  account  for  the  great  rises  of  the  lavas 
on  Hawaii,  without  having  recourse  to  the  supposition  of  elastic 
vapours,  it  will  be  pretty  evident,  from  what  has  been  said, 


74  Considerations  relating  to  the  EartKs  Cruet, 

that  any  cause  which  produced  a  change  in  the  relatite  tem- 
perature of  the  two  columns  might  produce  a  considerable 
amount  of  yariation  in  their  height.  That  elastic  yapours  are 
not  the  cause  of  these  great  rises,  as  supposed  by  Dana,  I 
haye  already  offered  some  considerations ;  and,  in  conclusion, 
I  may  recapitulate : — There  are  no  eyidences  or  appearances  of 
the  escape  of  any  such  amount  of  elastic  yapours  as  would  be 
at  all  commensurable  with  the  tremendous  effects  produced. 
No  yiolent  escapes,  or  explosions  of  steam  on  a  large  scale,  are 
noticed.  The  layas  that  oyerflow  are  usually  found  to  cool 
compact  and  solid;  few  or  no  yesicles  of  entangled  gases 
occur,  except  in  the  mere  scum  of  the  lakes  or  pools,  or  in  the 
agitated  surfaces  of  streams  subject  to  yaried  and  irregular 
mechanical  forces.  All  the  most  important  phenomena  and 
motions  can  be  better  accounted  for  in  other  ways. 

It  may  be  observed,  that  Dana  expressly  excludes  the 
waters  of  the  ocean  from  being  considered  the  probable  source 
of  the  yapours ;  and  in  this  we  agree.  The  yapours  from  the 
water  of  the  rills  deriyed  from  rain,  are  the  only  ones  he 
brings  forward  as  likely  to  haye  any  connection  with  the  layas 
of  the  yolcano.  Now,  it  is  probably  far  within  the  truth  to 
say  (and  an  approximate  calculation  within  certain  limits  may 
be  made),  that  the  whole  annual  rain-fall  oyer  one  hundred 
square  miles  on  Manua  Loa  might  easily  be  eyaporated  from 
the  heated  surface  of  rock  round  the  circumference  of  the  con- 
duit of  Kilanea,  from  the  top  down  to  the  sea-leyel,  only  in 
one  fortnight.  Further,  were  it  all  by  some  means  accumu- 
lated, and  let  on  at  once,  around  the  sides  of  the  conduit,  it  is 
difScult  to  imagine  how  the  resulting  steam  could  affect, 
become  entangled  with,  or  exert  an  efficient  pressure  on,  the 
column  of  laya.  By  whatever  orifices  the  water  entered,  the 
steam  could  escape ;  and  supposing,  in  the  worst  case,  that  all 
these  orifices  were  filled  with  water,  the  elastic  vapour  would 
have  a  column  of  lava  on  one  side,  and  a  column  of  water  on 
the  other.  A  column  of  water  double  the  height  of  that  of 
the  lava  would  he  blown  into  the  air  before  affecting  the 
height  of  the  column  of  lava  one  inch  This  consideration 
may  also  help  to  dispose  of  the  effects  of  a  percolation  of  water 
from  the  ocean  on  a  column  of  lava  standing  far  above  its 
level. 
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The  most  important  feature  in  this  view  of  volcanoes  appears 
to  be,  that  they  may  be  the  results  of  the  moyement  of  the 
erust  of  the  earth  rather  than  the  causes  of  it — ^the  latter 
being  an  idea  which  seems  to  influence  too  powerfully  many 
geologists. 

It  is  not  difficult  to  perceiye  that,  taking  into  view  the  gene* 
ral  shape  of  the  crust  of  the  southern  hemisphere,  as  here 
assumed  to  exist,  that  a  powerful  lateral  pressure  must  be  the 
result  of,  and  coexist  with,  the  downward  pressure  in  each  seg- 
ment, and  that  other  mountain  chainQ  might  he  formed  in  each^ 
ly  this  lateral  pressure  (besides  the  central  ones).  And,  fur- 
ther, as  the  subsidiary  forces  or  effects  would  tend  to  be  deve- 
loped in  the  same  relative  portions  of  each  segment ;  in  accord- 
ance with  this  we  find  the  summits  of  smaller  mountain  chains, 
bearing  a  very  similar  relative  position  and  distance  to  the 
main  ones,  in  three  relatively  similar  segments,  via., — ^in  the 
Falkland  Islands  to  the  Andes,  Madagascar  to  the  ranges  in 
Africa,  and  New  Sioaland  to  that  in  Australia. 

The  straits  between  and  about  Tierra  del  Fuego  and  the 
main  land,  and  between  Australia  and  Van  Diemen's  Land, 
are  the  necessary  results  of  the  first  hypothesis  advanced ; 
that  is  to  say,  a  chain  of  mountains  entering  the  ocean,  or 
emerging  from  it,  at  an  angle,  must  leave  the  last  one  or  two 
peaks  surrounded  by  water,  thus : — 

Fig.  4, 


1.  PasM*  lowering.  2.  Promootory.  3  and  4.  Islaads.  5.  Rock.  6.  Shoal. 
7.  Sloping  Plain.  8.  Sea-level,  giving  a  conical  form  to  the  ooaat>Une  of  plain 
land.     9.  Inclination  of  the  whole  surface  of  oriut. 

A  similar  effect  is  visible  at  the  points  of  pyramidal  outlines 
of  land  all  over  the  world. 

It  follows  also  on  this  view  of  the  movement  of  segments  of 
the  crust  of  the  earth,  that  upheaval  and  depression  might, 
and  probably  would,  coexist ;  that  is  to  say,  that  whilst,  for 
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instance,  the  chain  of  the  Andes  was  being  raised  by  lateral 
pressure,  the  portion  of  the  segment  on  which  the  Andes  are 
flituated,  may  be  falling  at  the  southern  end.  The  actual  rise 
or  fall,  then,  of  any  particular  spot  would  depend  on  the  rate 
of  upheaval  arising  from  lateral  pressure,  compared  with  the 
rate  of  depression  at  one  end,  and  the  distance  from  the  sti^ 
tionary  axis. 

It  will  thus  be  seen  that  one  simple  force  giyes  rise  to  two 
comparatiyely  simple  movements;  but  the  visible  effects  of 
these  two  simple  movements  may  often  appear  extremely  com- 
plicated from  one  point  of  view, — ^that  is,  judging  as  we  do 
from  former  ocean-beds  or  shores.  Within  a  comparatively 
email  area  a  varied  rate  of  upheaval,  a  varied  rate  of  depres- 
aion,  and  stationary  land,  might  exist,  all  caused  by  one  force 
and  two  movements. 

Another  effect,  which  must  always  complicate  appearances 
in  our  inquiries  into  the  actual  motion  of  the  eartii's  crust,  is 
the  alteration  of  actual  sea-level  which  every  rise  or  subsi- 
dence throughout  the  whole  globe  must  produce.  And  this 
must  in  many  cases  be  important  in  amount.  Suppose,  for 
the  sake  of  illustration,  that  the  enormous  subsidence  of  the 
Pacific  area,  pointed  out  by  Darwin  and  Dana,  had  been  the 
only  grand  movement  of  the  earth's  crust  in  recent  times,  or 
since  the  tertiary  epoch,  it  must  have  lowered  the  level  of 
the  ocean  over  the  whole  globe  between  400  and  500  feet. 
This  would  have  been  alone  sufficient  to  drain  the  waters  of 
the  sea  from  off  a  large  portion  of  all  the  tertiary  basins  in  the 
world,  without  these  areas  having  undergone  any  upheaval 
whatever.  It  is  not  pretended  that  this  has  been  the  case,  but 
is  brought  forward  to  show  how  such  evidences  of  subsidence 
and  upheaval  must  necessarily  be  complicated  and  uncertain. 

It  seems  probable,  from  a  due  consideration  of  the  form  and 
direction  of  different  areas  of  the  earth's  crust,  as  here  sup- 
posed to  exist,  that  the  greatest  depth  of  the  ocean  may  have 
been  under-estimated  ;  for,  taking  the  double  slope  (that  is  to 
the  southward,  and  also  east  or  west)  from  the  highest  table- 
lands of  South  America  or  Africa,  to  the  level  of  the  sea,  and 
imagining  the  same  slope  continued  under  the  ocean,  as  far  as 
we  can  go  south-eastward  or  south-westward  towards  the  cen- 
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tral  line  of  the  ocean  without  coining  upon  the  base  of  the 
Yolcanic  land,  40,000  to  60,000  feet  seems  to  come  within 
the  bounds  of  the  probable  depth.  Somewhere  in  the  Southern 
Ocean,  between  latitudes  45°  and  60°,  at  about  equal  distances 
between  Cape  Horn  and  the  Gape  of  Good  Hope,  that  and  Van 
Diemen's  Land,  or  the  latter  and  Gape  Horn,  will  probably  be 
found  to  be  the  deepest  portions  of  the  ocean.  In  sounding 
for  greatest  depths,  care  should  be  taken  not  to  get  in  the  line 
of  the  yolcanic  islands.* 

Although  only  indirectly  connected  with  this  subject,  it  may 
be  well  to  call  the  attention  of  ethnologists  to  the  correspond- 
ing circumstances  of  the  correspondingly  peculiar  tribes  which 
exist  at  the  southern  extremities  of  the  continents  of  America 
and  Africa,  and  perhaps  of  Australia  or  Van  Diemen's  Land, 
and  that  the  anomalous  circumstances  may  be  connected  with, 
or  perhaps  accounted  for,  by  the  subsidence  (in  one  case,  or 
upheaval  in  another)  of  their  end  of  the  continents. 

Darwin,  in  his  '^  Voyage  of  a  Naturalist,"  speaking  of  the 
Fuegians,  says,  '*  Whilst  beholding  these  savages,  one  asks. 
Whence  have  they  come  ?  What  could  have  tempted,  or  what 
change  compelled,  a  tribe  of  men  to  leave  the  fine  regions  of 
the  north,  to  travel  down  the  Cordillera  or  back-bone  of  Ame- 

*  A  fair  Tiew  to  take  in  eetimating  generally  the  probable  greatest  depth  of 

the  sea,  aU  other  meani  faUlng,  feems  to  be,  as  explained  in  the  foUowing 

sketch. 

Fig.  5. 

A 


Draw  any  triangle  with  two  equal  sides  (A,  B,  C),  prolong  the  base,  and  make 
the  line  C  D  bear  the  same  relation  to  B  G  that  the  area  of  the  sea  does  to  the 
area  of  the  land  (say  three  times  the  length).  Bisect  C  D  in  £,  and  draw  F  B 
perpendicularly  to  0  D.  Extend  A  C  to  £,  and  join  £  D,  F  £  will  represent 
the  probable  proportion  of  the  deepest  depth  of  the  sea  to  A  G,  the  grreatest 
height  of  the  land.  Oall  the  highest  table-lands  (before  degradation),  15,000 
feet,  the  depth  of  the  sea  (alter  allowing  for  sediment),  would  be  45,000  feet 
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rica,  to  invent  and  build  canoes,  wliich  are  not  used  bj  the 
tribes  of  Chili,  Peru,  and  Brazil,  and  then  to  enter  on  one 
of  the  most  inhospitable  countries  within  the  limits  of  the 
globe  1" 

Well  may  he  ask  this  question ;  and  perhaps  the  answer 
may  be — ^They  have  never  done  so.  But  rather,  being  once^ 
when  the  soufchem  extremity  of  this  continent  was  at  a  less 
angle,  the  inhabitants  of  a  plain  region  at  the  base  of  the 
chain  of  the  Andes,  a  rising  ridge  on  a  falling  area,  when 
broad  lands  may  have  existed  on  each  side  of  themt  and  when, 
consequently,  the  climate  was  drier  and  warmer,  the  soil  bet- 
ter, and  its  productions  abundant ;  their  dwelling-plaee  has, 
through  the  course  of  unmarked  ages^  gradually,  and  to  them 
insensibly,  subsided  into  the  ocean.  Their  descendants  are 
left  at  last,,  on  the  narrow  bases  of  the  ridge,  in  a  raw,  moist 
climate,  barren  soil,  and  with  a  deep  and  stormy  strait  between 
them  and  the  main  land,  now  contracted  and  fully  occupied  by 
its  own  tribes  ;  the  necessity  of  the  case  compels  them  to  in- 
vent canoes,  and  obtain  their  subsistence  by  fishing.  The  al- 
teration and  inferiority  of  circumstances  induces  a  correspond- 
ing alteration  in  their  physical  appearance  and  condition. 
Thus,  although  at  the  present  day  they  are  classed  amongst 
the  lowest  grade  of  savages, ''  their  features  indicate  relation 
to  the  Araucans,"  a  far  superior  tribe,  ^^  whose  neighbours 
they  are."* 

As  the  subsidence  of  vast  archipelagoes  will  account  for 
otherwise  inexplicable  circumstances  in  the  existing  facts  of 
the  Polynesian  race,t  so  may  the  subsidence  of  continents  ac- 
count for  anomalies  in  races  of  men  in  all  regions  of  the  globe. 
No  study  is  more  likely  to  throw  light  on  some  of  the  most 
notable  phenomena  of  organized  beings  than  that  of  the  latest 
movements  of  the  crust  of  the  earth,  and  the  relation  of  the 
sea  to  the  land.  In  this  instance,  the  peculiar  cause,  the  pecu- 
liar food,  and  the  degraded  state  of  the  Fuegians,  may  be  ne- 
cessities imposed  upon  them  by  the  laws  of  the  cooling  of  the 
planet  on  which  they  reside. 

Honolulu,  January  16, 1857. 

*  Prichard's  Natural  History  of  Man,  447,  Ed.  3. 
t  See  Sandwich  Island  Magaxine,  No.  I.,  Art.  2. 
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Observations  on  British  Zoophytes.  By  Thomas  Strethill 
Wright,  M.D.,  Fellow  of  the  Royal  College  of  Physicians, 
Edinhurgh.* 

Dueription  of  PlaUa  II.  &  III. 

Clava, 
Fig.  1.  ConJlam  and  polyps  of  C^va  rtpent  (magnified  three  diameters). 

2.  Clava  membranacea  (natural  size). 

3.  Corallam  or  polypidom  of  Olava  fMmbrcuMesa  after  remoTal  of  polyps 

by  maceration  (enlarged). 

4.  Portion  of  ooralhun  of  Clatta  corMa  (from  Professor  Goodsir'a  speci- 

men ;  enlarged). 

5.  Diagram  of  reproductive  capsules  or  polyps  on  female  polypary  of 

Glavar— a  ectoderm — c  endoderm— a«  generative  cavity — d  nutri- 
tive cavity  of  pedicle  and  capsules — s.  ovsk  cbanging  to  (/)  ciliiited 
planarioid  larvaa. 

6.  Free  swimming  larvaa. 

7.  Reproductive  capsule  of  female  Coryne  glanduloMi,  lettered  a^  fig.  5, 

and  showing  the  origin  of  the  ova  (c)  fVom  the  external  surface  of 
the  endoderm. 

Eudendrium* 

8.  Sudendriwn  pvHUum  with  Medusa-buds  (eight  diameters). 

9.  Medusoid  of  do.  with  tentacles  relaxed. 

11  ft  13.  Ideal  figure  of  Hydractinia  as  a  Gymnopthalmatous  Medusa^  and 
figure  of  ideal  C^ymnoptbalmatons  Medusa — a  alimentary — b  re- 
productive— and  c  tentacular  organs  or  polypt — d  visual,  and  «  au- 
ditory organs. 

13.  Gemmation  of  Medusa  from  alimentary  polyp. 

14.  Do.         fVom  reproductive  polyp. 
16.          Do.  from  tentacular  polyp. 

16.  Eudendrium  sessile,  with  Medusa-buds  (eight  diameters). 

17.  Single  polyp  of  do. 

On  Clava, 

1.  The  genus  Clava  has  been  hitherto  defined  by  writers  on 
systematic  Zoophytology  as  a  single  but  gregarious  polyp, 
destitute  of  a  polypidom  or  corallum.  Pallas,  who,  according 
to  Johnston,  first  described  this  animal,  writes,  ''  Etiam  hsec 
Tubulariis  adnumerari  debent  Zoophyte,  quamvis  ne  quidem 
ramescent  ut  Coryne,  et  tuhulo  corneo  plane  destituta  sint.'' 
Van  Beneden  remarks, ''  The  individuals  are  not  united  to  each 

«  Communicated  to  the  Royal  Physical  Society,  Jan.  28, 1867. 
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other,'*  **  at  least  I  have  not  seen,  as  in  Hjdractinia^  a  common 
substance  which  unites  all  the  individuals."  Johnston,  mak- 
ing no  mention  of  a  corallum,  says  that  the  polyps  are  <'  single,*' 
and  "  fixed  by  a  narrow  disc."  And  the  latest  writer,  Gosse, 
in  his  **  Manual  of  Marine  Zoology,*'  states  that  the  polyps  are 
naked,  and  is  eridently  not  aware  of  the  existence  of  a  poly- 
pary  or  common  connecting  base  between  them.  A  similar 
ignorance  of  the  existence  of  a  polypary  and  corallum  in 
Glava  is  also  betrayed  by  Van  der  Hoeven  in  his  *'  Handbook 
of  Zoology."  If  the  descriptions  given  by  these  writers  were 
correct,  Clava  would  stand  alone  among  all  the  marine  hy- 
droidae  as  a  naked  and  single  polyp.  One  species  only  of 
this  zoophyte  has  been  hitherto  described,  under  the  names 
oi  Clava  parasitica  (Grmelin),  Hydra  multieortds  (Forskal), 
Coryne  squamata  (Miiller),  and  Clava  multieomie  (John- 
ston). 

2.  In  a  note  on  Dioecious  Reproduction  in  Zoophytes,  con- 
tained in  the  "  Edinburgh  New  Philosophical  Journal,"  vol. 
iv.,  p.  313,  I  mentioned  that  I  had  noticed  two  species  of 
Clava,  and  that  the  polyps  were  not  separate,  as  hitherto  de- 
scribed, but  were  attached  together  by  a  fleshy  basis,  invest- 
ing a  horny  polypidom,  somewhat  similar  to  that  of  Hydrac- 
tinia,  or  by  a  creeping  thread  inclosed  in  a  membranous 
sheath.  In  the  same  month  of  July,  I  found  a  third  species 
at  South  Queensferry,  when  examining  the  shore  there  with  my 
friend  Mr  Murray.  These  three  species  I  propose  to  designate 
by  the  names  of  Clava  cornea^  Clava  repena,  and  Clava 
membranacea. 

3.  Clava  repens  (Plate  11.,  fig.  1)  occurs  plentifully  on  the 
friable  sandstone  of  the  Scougall  rocks  near  Tantallon  Castle. 
Its  polyps  are  joined  together  by  a  polypary  or  coenosarc,  a 
fleshy  fibre  inclosed  in  a  thin  tubular  corallum,  which  creeps 
along,  and  adheres  to  the  stone.  This  polypary  is  readily 
overlooked,  as  the  "  coUetoderm"  or  glutinoub'  envelope  of  its 
corallum  is  generally  coated  with  the  detritus  of  the  rock  and 
other  foreign  matters.  The  polyps  have  therefore  the  appear- 
ance of  being  solitary,  and  ranged  in  irregular  lines,  as  shown 
in  Van  Beneden's  drawing.*    These  polyps  are  about  five  or 

*  Recherchet  ear  L'  Embryog^nie  des  Tubalalres,  184i. 
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six  Imes  in  lengthy  white,  or  coloured  with  tints  of  rose  or 
flesh  colour,  and  they  sometimes  exceed  the  poljpary  greatly 
in  thickness.  About  a  half  line  of  their  attached  extremity 
is  covered  by  a  very  delicate  extension  of  the  brown  corallum, 
which  remains  as  a  cup  when  the  polyp  is  removed  by  long 
maceration  in  fresh  water.  The  tentacles,  from  four  to  about ' 
forty  in  number,  according  to  the  age  of  the  polyp,  are  ar- 
ranged spirally  in  several  rows  round  the  buccal  papillae. 
Thick  at  their  insertion,  they  decrease  in  diameter  towards 
their  extremity,  and  are  extended,  with  a  tendency  to  droop  at 
the  points.  Immediately  beneath  the  lower  tentacles,  the  re- 
productive capsules  hang  in  many-pedicled  clusters,  so  that 
this  graceful  zoophyte  presents  a  resemblance  to  a  miniature 
forest  of  cocoa-palms  heavily  laden  with  fruit. 

4.  Clava  membranacea  (Figs.  2  and  8). — ^In  this  species, 
found  at  Queensferry,  the  polyps  are  closely  massed  together 
in  clusters,  each  cluster  being  either  a  male  or  female  zoophyte. 
The  animal  was  found  adherent  to  fronds  ofFucus  vesiculosuBf 
but  BO  slightly,  that  the  whole  cluster  could  be  readily  de- 
tached by  peeling  it  off  with  the  point  of  a  scalpel.  The 
polyps  had  a  rich  aurora  tint,  and  were  larger  and  more  slen- 
der than  those  of  Clava  repens^  some  of  them  being  more  than 
an  inch  long.  The  upper  surface  of  the  corallum,  examined 
after  the  removal  of  the  polyps  by  maceration,  presented  the 
appearance  of  a  favoid  aggregation  of  cells,  closely  cemented 
together  by  an  excessive  development  of  the  *^  coUetoderm.'* 
The  cement  between  the  cells  included  several  species  of  dia- 
tomacese  and  microscopic  alg®.  The  lower  surface  of  the 
corallum  consisted  of  a  mat  of  parallel  and  anastomosing  tubea 
of  soft  membrane.  These  tubes  also  passed  beyond  the  cluster 
of  cells  which  they  supported,  and  crept  along  the  surface  of 
the  fucus  in  irregular  lines,  to  furnish,  as  it  were,  other  colonies 
of  polyps. 

6.  Clava  eomeais  a  clustered  and  dioecious  zoophyte,  resem- 
bling in  appearance  the  species  last  described.  The  speci- 
men which  I  place  on  the  table  was  kindly  lent  me,  for  this 
evening,  by  my  friend  Mr  Goodsir,  and  is  one  of  the  results  of 
his  trip  to  the  Orkneys  with  the  late  Professor  Edward  Forbes. 
The  polyps  are  long  and  slender,  like  those  of  Clava  mem* 
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hranacea.  The  corallum  apparently  consists  of  a  thin  chiti- 
nous  plate  attached  to  the  fucus.  Over  part  of  this  plate  the 
chitine  rises  in  low,  smooth  ridges,  running  either  parallel  to 
each  other  in  winding  lines  (fig.  4),  or  meeting  at  various  angles. 
These  ridges  have  a  double  contour  under  the  microscope. 
-The  polyparj  lies  betwjeen  the  ridges,  and  consists  of  fleshy 
fibres,  from  which  the  polyps  spring.  I  believe  a  thin  ring  or 
cup  incloses  the  base  of  each  polyp,  and  that  a  membrane  also 
passes  from  the  summit  of  each  ridge  to  that  of  the  one  next 
it ;  but  I  have  not  been  able  to  satisfy  myself  on  these  points.  In 
other  parts  of  the  same  polypidom  the  ridges  assume  the  aspect 
of  an  intricate  net-work,  or  even  a  spongy  mass,  in  which  the 
chitinous  And  fleshy  elements  are  intimately  blended  together. 
The  whole  mass  of  the  polypary,  corallum,  and  polyps,  is  rea* 
dily  detached  from  the  fucus.  [Since  writing  the  above  descrip- 
tion, I  have  convinced  myself,  by  the  examination  of  Mr  Good- 
sir's  specimen,  that  the  corallum  of  Clava  cornea  is  formed  of 
tubes  cemented  together,  either  laterally  in  sub-parallel  lines, 
or  in  a  more  complicated  mass.  The  surface  of  the  corallum 
of  this  zoophyte,  in  fact,  has  a  strong  resemblance  to  the  stem 
of  the  corallum  of  Halecium  halecinumt  which  consists  of  a 
bundle  of  sub-parallel  and  anastomosing  tubes,  more  or  less 
closely  cemented  together,  a  structure  which  becomes  beauti- 
fully apparent  in  transverse  section.] 

6.  Reproduction  of  Clava. — ^All  the  three  species  of  this 
zoophyte  which  have  come  under  my  observation  are  unisexual 
or  diodcious ;  that  is  to  say,  the  polyps  connocted  by  the  same 
polypary  have  either  spermsacs  or  ovisacs,  but  not  both.  The 
reproductive  capsules  are  amassed  together,  like  bunches  of 
grapes,  in  one  or  more  thick  pedicles,  which  arise  from  beneath 
the  lower  range  of  tentacles  of  the  polyp. 

In  my  communication  on  Hydractinia,*  I  stated  (after  All- 
man  and  Huxley)  that  the  polyps  of  all  the  hydroid  zoophytes 
consisted  of  three  elements: — Istf  The  ectoderm  or  outer  layer j 
the  seat  of  sensation  and  other  external  relation,  furnished 
with  tactile  processes,  and  with  apparatus  of  offence  or  defence. 
2dt  The  muscular  or  middle  coat^  specialized  for  motor  func- 
tion ;  and,  3dZy,  The  endoderm  or  inner  coaU  of  which  last, 

*  Edinburgh  New  Phil.  Journal,  New  Series,  AprU  1857. 
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again,  the  inner  surface  ib  endowed  with  the  nutritive  function, 
while  its  outer  surface  subserves  to  that  of  reproduction.  It 
is  necessary  to  remember  the  relation  and  function  of  these 
layers  when' describing  the  reproductive  apparatus  of  Clava. 

7.  The  Ovisacs  of  the  female  of  this  zoophyte,  of  which  fig. 
5  shows  a  section  of  five  in  situ,  are  found  to  consist  of  ecto- 
derm (a),  muscular  coat,  and  endoderm  (c),  and  their  nutri- 
tive cavity  is  continuous  with  that  of  the  pedicle,  which,  again, 
is  a  diverticulum  of  the  alimentary  canal  of  the  polyp.  In 
each  of  the  ovisacs  at  an  early  period,  one,  or  more  generally, 
two  transparent  ova  appear,  consisting  of  a  vitellus  and  ger- 
minal vesicle,  inclosed  in  an  envelope,  and  situated  in  the  ge- 
nerative cavity  (ac),  between  the  endoderm  and  the  other  coats, 
as  in  the  ovisac  of  Hydractinia.  In  the  reproductive  capsule  of 
Coryne  ghmdulosa  (Dalyell)  the  secretion,  if  I  may  so  call  it, 
of  the  ova,  from  the  outer  surface  of  the  endoderm  (as  shown 
in  fig.  7),  is  a  fact  beyond  doubt,  but  in  Hydractinia  and 
Clava  their  appearance  takes  place  at  so  early  a  period  of  the 
development  of  the  ovisac,  that  the  seat  of  their  origin  can 
only  be  inferred  from  observations  in  other  zoophytes.  The 
ova,  after  becoming  opaque  and  almost  black  by  the  granulation 
of  the  yoke,  gradually  assume  a  transparent  pink  tint,  and  are 
developed  into  ciliated  planarioid  larvae,  which  are  discharged 
from  the  distal  extremity  of  the  ovisac,  and  after  gliding  over 
the  bottom  of  the  vessel  in  which  they  are  contained  for  a  few 
days,  become  fixed,  and  changed  into  minute  polyps.  In  this 
zoophyte  the  reproductive  process  differs  from  that  I  have 
described  in  Hydractinia,  inasmuch  as  the  young  arrive  at 
their  larval  or  planarioid  stage  of  development  before  leaving 
•the  ovisac,  and  the  endodermic  layer  of  the  ovisac  is  gradually 
withdrawn  into  the  pedicle,  while  in  Hydractinia  the  con- 
tents of  the  ovary  are  discharged  as  ova,  and  the  endodermic 
layer  occupies  the  interior  of  the  ovary  to  the  last,  although 
reduced  in  volume  by  absorption. 

8.  The  Spermsacs  of  the  male  Clava  resemble  the  reproduc- 
tive capsules  of  the  female  in  external  appearance  and  ar- 
rangement. The  development  of  spermatozoa  in  their  interior 
is  similar  to  that  I  have  described  as  occurring  in  Hydrac* 
tinia..    We  have  the  same  secretion  of  gelatinous  matter  from 
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the  external  0urface  of  the  endoderm ;  the  same  deyelopment 
in  this  matter  of  minute  cells,  and  the  production  from  these 
cells  of  spermatozoa.  But  while,  in  Hydractinia,  the  endo- 
derm of  the  spermatic  capsule  is  reduced,  towards  the  last 
stage  of  the  process,  to  a  mere  line  of  brown  granular  matter 
occupying  the  axis  of  the  capsule,  in  Clava  the  endoderm  is 
gradually  withdrawn  from  the  capsule  altogether,  and  the  ca- 
vity of  the  latter  at  last  contains  spermatozoa  alone.  The 
spermatozoa  of  Clava,  which  are  very  large  and  actire,  are 
discharged  from  the  summit  of  the  spermsac.  The  ectoderm 
of  both  ovaries  and  spermsacs  contains  the  larger  thread-cells 
in  great  numbers. 

9.  The  existence  of  spermatozoa  in  the  reproductive  capsules 
of  Clava,  a  fact  unnoticed  by  Johnston,  was  discovered  by  Ratke 
in  1844,  that  of  ova  by  Rudolf  Wagner  in  1836,  but  neither 
of  these  philosophers  fully  recognised  the  dioecious  character 
of  this  animal.  Van  Beneden  also  described  Clava  in  1844, 
and  figured  the  male  capsule,  which  he  mistook  for  an  entire 
ovum.  Van  der  Hoeven,  in  his  recent  work  already  cited,  ra- 
ther loosely  states  that  the  propagation  of  this  zoophyte  is  ef- 
fected by  buds  which  contain  ova  or  spermatozoa,  and  which 
occasionally  detach  themselves  from  the  stem  on  which  they  are 
developed,  swim  freely  about,  and  resemble  small  medusae.  He 
gives  no  authority  for  such  an  opinion,  and  he  has  probably 
classed  with  Clava  a  number  of  small  clavate  polyps  with  fili- 
form tentacles,  such  as  the  Podocoryne  of  Sars,  the  Coryne 
friiillaria  of  Steenstrup,  and  the  Zoophyte  described  at  a  late 
meeting  of  this  Society  by  Mr  Peach.  There  also  exist  a  num- 
ber of  undescribed  Tubularian  2joophytes,  some  exceedingly 
minute,  passing  upwards  through  Clava,  Coryne,  and  EudeH- 
drium,  to  Tubularia,  some  of  which  give  oS  free  Meduse. 

Etuiendrium, 

10.  The  two  new  species  of  this  Zoophyte  I  now  describe  can 
lay  claim  to  none  of  the  arborescent  beauty  which  has  gained 
for  this  genus  the  name  of  Eudendrium.  So  insignificant  are 
they,  indeed,  that  they  are  easily  overlooked,  even  when  care- 
fully sought  for.  The  first  species,  to  which  I  have  given  the 
name  of  Eudendrium  puMlvrnj  is  found  growing  on  many  Ser- 
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tularians  and  on  the  back  and  legs  of  the  Spider-crab,  in  which 
last  situation  it  sometimes  occurs  in  great  profusion.  It  is  ad- 
herent to  these  bodies  by  a  creeping  tubular  corallum  inclosing 
a  filiform  pOlyparj.  From  this  creeping  fibre  stems  arise  at 
firequent  intervals,  from  about  one-eighth  to  a  quarter  of 
an  inch  in  height,  and  bearing  at  their  summit  small  white 
club-shaped  polyps.  The  polyp  is  capable  of  partially  re« 
treating  into  the  upper  part  of  the  tube,  which  is  dilated  at 
this  point  so  as  to  form  an  imperfect  cell.  The  filiform  ten« 
tacles  vary  in  number  from  four  to  twelve,  according  to  the  age 
of  the  polyp,  and  are  held  in  two  rows,  the  one  (generally  con- 
sisting of  four)  elevated,  the  other  depressed  or  horizontal. 

At  almost  all  seasons  of  the  year  we  notice  on  the  polype 
hearing  stems  of  this  Zoophyte  small  protuberances,  which 
rapidly  increase  in  size,  and  become  MedussB  or  *' jelly-fish"  of 
the  naked-eyed  type* 

The  Medusa-bud  first  appears  as  a  diverticulum  or  sac 
of  the  endodermic  and  ectodermic  layers  of  the  polypary, 
covered  by  an  extension  of  the  corallum.    After  a  short  period 
the  diverticular  sac  becomes  depressed  at  its  summit,  and  at 
the  bottom  of  the  depression  a  slight  elevation  may  be  observ- 
ed.   This  depression  and  elevation  are  the  rudiments  of  the 
umbrellas  and  peduncle  of  the  future  medusa  or  acaleph. 
The  depression  rapidly  deepens,  until  the  sac  becomes  folded 
in  upon  itself,  so  as  to  form  a  deep  bell  with  the  peduncle  rising 
like  a  thick  clapper  from  the  bottom  of  its  concavity.    In  the 
mean  time  the  endoderm  of  the  bell  (now  become  very  opaque 
by  the  deposit  of  red  granular  matter  within  it)  has  slightly 
separated  from  the  outer  layer  of  ectoderm,  and  has  become 
divided  into  four  thick  tubular  lobes,  communicating  with  each 
other  by  a  circular  canal  at  their  summits,  and  with  the  pe- 
duncle at  their  bases,  and  connected  together  laterally  by  the 
inflected  ectoderm,  within  which  a  transparent  muscular  mem- 
brane is  developed.   The  ectoderm  now  forms  the  umbrella  and 
the  endodermic  lobes,  with  their  uniting  membrane,  form  the 
lateral  canals,  and  the  sub-umbrella  of  the  Acaleph  or  Me- 
dusa.   A  constant  interchange  of  circulating  particles  takes 
place  between  the  cavity  of  the  parent  polypary  and  the 
cavities  of  the  peduncle  and  the  endodermic  lobes.    The  pro- 
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cess  of  development  goes  on,  the  peduncular  sac  is  changed 
into  a  quadrangular  polyp,  the  endodermic  lobes  into  slender 
canals,  bearing  at  their  extremities  polyps  of  a  peculiar  form, 
systolic  contractions  commence  in  the  muscular  tissue  of  the 
sub-umbrella,  and  the  bud  has  become  a  perfect  Acaleph, 
(fig.  9),  although  still  joined  by  a  narrow  pedicle  to  the  poly- 
pary  of  the  Eudendrium.  This  pedicle  is,  howeyer,  soon 
absorbed,  the  thin  covering  of  the  corallum  bursts,  and  the 
living  bubble  dashes  away  through  the  water,  with  powerful 
strokes,  a  formidable  little  tyrant  of  the  sea. 

When  first  separated  from  the  Zoophyte,  the  Acaleph  seeks 
the  surface  of  the  water  with  long  zig-zag  bounds,  carrying  its 
tentacles  closely  coiled  in  spirals.  Having  remained  swimming 
there  for  a  short  time,  it  begins  to  sink  slowly  with  the  mouth 
.of  its  bell  uppermost,  and  the  tentacles,  uncoiling  themselves, 
stream  behind,  to  a  distance  of  more  than  twenty  times  the 
length  of  the  bell,  in  straight  lines  or  graceful  curves,  sweep- 
ing the  water  in  search  of  prey.  In  most  of  the  naked-eyed 
medusae,  the  umbrella  is  so  thick  and  solid,  that  the  shape  of 
the  upper  part  of  the  bell  is  but  slightly  altered  by  the  con- 
tractions of  the  sub-umbrella ;  but  in  the  species  I  am  now 
describing  the  umbrella  is  thin  and  soft,  so  that  the  whole 
parietes  of  the  bell  contract  together  at  each  stroke,  forming  a 
curve  similar  to  the  wave-line  of  Scott  Russell,  and  admir- 
ably adapted  for  rapid  passage  through  the  water. 

A  jar  of  these  lively  creatures,  some  swimming  rapidly 
about  like  small  frogs,  with  their  half-coiled  tentacles  jerking 
backwards  at  each  stroke,  others  descending  headlong  in  flocks, 
like  the  falling  train  of  a  rocket,  and  all  glittering  under 
oblique  illumination  in  the  dark  water,  forms  one  of  not  the 
least  interesting  of  those  scenes  of  beauty  which  are  of  daily 
occurrence  to  the  naturalist. 

12.  In  the  Anatomy  of  the  Acaleph  of  Eudendrium  four  dis- 
tinct parts  claim  our  notice. 

(1.)  The  umbrella. 

(2.)  The  sub-umbrella. 

(3.)  The  lateral  and  circular  canals. 

(4.)  The  alimentary  polyp  or  peduncle ;  and 

(5.)  The  tentacular  polyps. 
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18.  In  the  description  of  these  parts,  I  shall  consider  the 
animal,  not  as  a  sexual  polyp,  with  Ehrenberg,  AUman,  Car- 
penter, and  others,  but  as  a  free  and  independent  extension  of 
the  j>oZyi>a9^of  Eadendrium ;  not  as  the  product  of  the  alternate 
generation  of  Steenstrup,  in  which  the  parent  is  a  zoophyte, 
the  child  an  acaleph,  the  grandchild  a  polyp  again,  and  so  on 
in  endless  succession ;  but  as  a  new  phase  in  the  continued 
development  of  the  Zoophyte,  in  which  the  humble,  fixed,  and 
thread-like  polypary  attains,  as  it  were,  a  higher  life  of  beauty 
and  motion,  and  an  organization  adapted  to  its  changed  exist*^ 
ence. 

14.  At  our  last  meeting,  I  described  to  the  Society  that,  in 
the  case  of  Hydractinia  (a  Zoophyte  intermediate  in  its  form 
and  structure  between  the  tme  Zoophyte  and  the  Acaleph) 
we  had  a  polypary  consisting  of  a  fleshy  expansion  permeated  by 
a  net- work  of  tubes,  and  furnished  with  organs  of  reproduction, 
digestion,  and  prehension,  in  the  form  of  reproductive,  alimen- 
tary, and  tentacular  polyps.  A  hoinologous  structure  obtains 
in  the  Acaleph  now  under  our  notice.  Instead  of  a  flat  ex- 
panded polypary,  we  have  that  body  bell-shaped,  and  repre- 
sented by  the  umbrella,  the  sub-umbrella,  and  the  lateral 
canals.  In  the  peduncle,  we  have  a  single  alimentary  polyp. 
While  the  long  tentacles,  with  their  bulbs,  form  the  homo- 
logues  of  the  tentacular  polyps  of  Hydractinia. 

It  is  not,  perhaps,  incorrect  to  consider,  with  Allman,  the  ova- 
ries and  spermaries  of  Cordylophora,  or  those  of  C9ava  or  Hyr 
dractinia,  as  sexual  polyps  \  but,  as  to  the  naked-eyed  Acalephs, 
produced  by  gemmation  from  various  hydroid  Zoophytes,  a 
knowledge  of  the  anatomy  of  Hydractinia  teaches  us  that  they 
are  something  more.  They  are  independent  polyparies,  hav- 
ing polyps  endowed  with  various  functions ;  some  species  of 
them  possessing,  indeed,  differentiated  organs  of  sight  and 
hearing,  and  being  capable,  like  Hydractinia,  of  producing 
other  polyparies,  similar  to  themselves,  by  gemmation. 

In  fig.  11 1  have  given  an  ideal  sketch  of  Hydractinia  as  a 
Gymnopthalmatous  Medusa,  and  at  fig.  12,  having  its  organs 
indicated  by  the  same  letters,  a  sketch  of  an  ideal  Acaleph  or 
free-swimming  polypary,  and  I  have  furnished  this  last  with 
the  alimentary  polyp  of  Lizzia  (a),  the  reproductive  polyps  of 
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Thanmantias  (&),  ^^  tentacular  polypt  of  Sania  (c),  with  their 
e  je-speckfl,  and  the  auditory  capsules  containing  otolithes  com- 
mon to  the  Campannlarian  and  many  other  Acalephs.  Such 
an  animal  would  be  endowed  with  the  power  and  special  appa* 
ratus  for  the  exercise  of  the  faculties  of  motion,  sight,  hearing, 
prehension,  digestion,  and  reproduction.  It  will  further  have 
the  power  of  propagating  animals  similar  to  itself  by  gemma- 
tion,/rom  its  alimentary  polyps^  as  in  lizzia  (fig.  13),  from 
its  reproductive  polyp,  as  in  Thaumantias  (fig.  14),  and /rom 
its  tentacular  polyps^  as  in  Sarsia  (fig.  15) ;  and,  lastly,  in 
these  budding  Acalephs,  eren  while  still  attached,  preparation 
will  have  commenced  for  a  still  farther  exercise  of  the  propa- 
gative  function. 

The  ovaries  or  spermaries  of  Cordylophora  and  Glava  aare 
the  germens  or  anthers  of  the  animal  plant,  while  these  Aca- 
lephs must  be  considered  as  the  fruit-bearing  branches,  lead- 
ing an  independent  life.  They  are  the  divided  parts,  para- 
doxically speaking,  of  an  individual  existence. 

15.  The  umbrella  (of  the  acaleph  of  Eudendrium  puailla)  is 
homologous  with,  and  developed  from,  the  ectoderm  of  the 
polypary.  It  is  a  clear,  structureless  tissue,  containing,  on 
its  external  surface,  numerous  large  thread-cells,  each  occu- 
pying its  own  sac.  It  is  continuous  with  the  ectodermic  layer 
of  the  tentacular  polyps,  and  exists  as  a  delicate  membrane 
passing  within  the  bell  and  partly  forming  the  sub-umbrella, 
and  covering  the  alimentary  polyp. 

16.  The  lateral  canals  (homologous  with  tubes  of  the  endo- 
derm  in  the  fixed  polypary)  are  situated  immediately  beneath, 
and  are  adherent  to,  the  umbrella.  At  the  summit  of  the  bell 
they  join  together  to  form  a  quadrangular  cavity,  and  they  com* 
municate  below  with  a  circular  canal,  which  passes  within  and 
around  the  mouth  of  the  bell.  This  system  of  canals  is  at  first 
lined  with  red  granular  matter,  which  is  afterwards  absorbed, 
and  it  is  constantly  traversed  by  streams  of  nutritive  fluid, 
impelled  by  ciliary  action,  and  changing  the  direction  of  their 
course  at  short  intervals  of  time. 

17.  The  sub-umbrella  is  a  thin  muscular  membrane  attached 
to  the  exterior  of  the  lateral  canals  on  their  inner  aspect,  and 
along  their  whole  length,  and  also  to  the  umbrella  along/our 
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lines  miming  mid-way  between  the  canals.  Its  fonetion  is  that 
of  motion ;  it  also  acts  as  an  organ  of  cironlation  and  respirsr 
tion  by  enlarging  the  calibre  of  the  lateral  tubes  at  each  of  its 
systolic  contractions,  and  constantly  refilling  the  bell  with 
freshly  aerated  water.  Its  structore  has  a  finely  dotted  or 
crapy  appearance.  The  dots  show  a  tendency  to  arrange 
themselves  in  transyerse  lines  daring  the  contraction  of  the 
membrane,  but  no  true  muscular  fibres  exist.  Numerous 
transparent  corpuscles  may  also  be  obseryed  scattered  with 
some  regularity  in  the  tissue  of  the  sub-umbrella,  which,  from 
observations  in  other  classes  of  zoophytes,  I  am  led  to  consider 
as  the  rudiments  of  a  ganglionic  nervous  element.  Similar 
bodies,  of  a  fusiform  shape,  may  also  be  detected  along  the 
sides  and  inner  aspect  of  the  lateral  canals.  The  sub-um- 
brella passes  across  the  mouth  of  the  bell  to  form  the  veil,  which 
is  perforated  in  the  centre  by  a  wide  circular  opening.  This 
apparatus,  by  contracting  the  jet  of  fluid  ejected  from  the 
bell,  increases  its  propulsive  force ;  at  the  same  time,  by  its 
projection  outwards  at  each  stroke  of  the  sub-umbrella,  it  ren- 
ders the  stem,  also,  of  our  little  vessel  conical,  and  facilitates 
its  passage  through  the  water. 

18.  The  alimentary  polyp  or  peduncle  (the  digestive  orgaii 
of  the  Acaleph)  rises  from,  and  communicates  with,  the  con* 
fluence  of  the  lateral  tubes  at  the  summit  of  the  umbrella.  In 
shape  it  is  short,  quadrangular,  and  without  tentacles,  difier- 
ing  in  this  respect  from  the  acalephs  of  other  species  of  Eu- 
dendrium  described  by  Dalyell  and  Van  Beneden.  Its  struc- 
ture consists  of  a  layer  of  highly  vacuolated  endoderm,  covered 
by  a  delicate  ectodermic  investment,  containing  a  fringe  of 
thread-cells  round  the  mouth. 

19.  The  tentacular  polyps  (or  prehensile  organs)  are  placed 
one  at  each  confluence  of  the  circular  with  the  lateral  canals. 
They  consist  of  two  parts, — ^the  hollow  bulb  and  the  tentacle. 
In  two  of  these  polyps  the  tentacle  is  very  short,  while  in  the 
other  two,  opposite  to  each  other,  it  is  excessively  developed, 
and,  when  not  in  use,  coiled  in  a  tight  spiral.  The  ectoderm 
or  outer  edge  of  the  tentacle,  or  that  which,  when  coiled,  forms 
the  periphery  of  the  spiral,  is  loaded  with  small  thread-cells, 
while  its  inner  edge  is  destitute  of  those  bodies. 
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.  No  eye-specks  or  otolithes  can  be  detected  in  this  AcaJeph 
with  the  microscope,  but  when  a  taper  is  brought  close  to  the 
side  of  the  vessel  in  which  it  is  swimming,  a  brilliant  star  of 
light  appears  at  each  of  the  bulbs  of  the  tentacular  polyps, 
reflected  from  some  tissue  which  I  have  not  been  able  to  detect 
The  reproductive  organs,  which,  in  the  Acalephs  of  some 
zoophytes  are  developed  before  the  separation  from  the  parent 
polypary,  have  not  appeared  during  the  seven  or  eight  days 
which  the  Acalephs  of  Eudendrium  puMlum  lived  in  my  pos- 
session. 

Eudendrium  Sessile. 

19.  This  species  (figs.  16  and  17)  is  found  growing  on  shells 
in  deep  water  in  the  Firth  of  Forth,  and  on  rocks  at  the  shore 
about  Granton.  The  red  or  white  polyp  is  sessile,  or  united 
by  a  very  short  ringed  stem,  on  a  creeping  polypary,  and  it  is 
inclosed  up  to  the  tentacles  in  a  membranous  tube,  which  bends 
with  every  movement  of  the  body.  The  filiform  tentacles  are 
from  two  to  eight  in  number,  of  equal  lengths,  and  carried  in 
two  rows,  the  upper  one  elevated,  the  lower  one  depressed. 
The  Acaleph  buds  in  this  species  are  sessile,  and  are  produced 
from  the  creeping  polypary,  close  to  each  of  the  polyps,  often 
in  pairs.  They  di£Per  in  no  respect  of  either  size  or  form  from 
the  Acalephs  of  Eudendrium  piisiUum  already  described  in 
this  paper. 


On   the  Prehensile  Apparatus    of   Spio    seticomis.      By 
Thomas  Strethill  Wright,  M.D.,  &c.* 

Detcription  of  Plate  III. 
Fig.  18.  Section  of  tip  of  tentacle  of  Spio  seticornis — a  waU  of  tentacle — 6 
vessel — c  spine-beariDg  papillae. 

19.  Enlarged  sketch  of  one  of  the  papillse. 

20.  TricbO'Cysts — a  entire — b  ruiitured,  and  discharging  spicules. 

1.  Old  shells  taken  from  the  sea  are  frequently  found  stud- 
ded with  small  tubes,  composed  of  mud  and  sand,  cemented 
together  by  slime.    These  tubes  are  the  habitation  of  the  An- 
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nelid  Spio  eeticomia.  When  they  are  placed  in  water,  we 
presently  see  a  pair  of  long  glassy  tentacles  protruded  from 
each  opening,  which  are  tossed  about  with  such  an  incessant 
and  violent  motion  that  we  are  tempted  to  belieye  their  con- 
cealed owners  have  taken  leave  of  their  senses.  If  a  small 
piece  of  oyster  is  thrown  amongst  them,  it  is  instantly  seized 
by  the  waving  arms  around,  and  pulled  hither  and  thither, 
until  it  is  torn  to  pieces  and  devoured  by  the  black-eyed  and 
wicked-looking  little  Annelids,  which,  forgetting  their  usual 
coyness,  protrude  their  heads  from  the  tubes.  We  observe 
that  the  tentacles,  when  seizing  the  oyster,  attach  themselves 
to  it  not  by  winding  themselves  round  it,  but  by  simple  adhe- 
sion, as  if  they  were  studded  with  numerous  suckers  and 
hooks,  like  the  arms  of  the  cuttle-fish.  Anxious  to  examine 
their  microscopic  structure,  we  make  many  attempts,  by  rapid 
clips  of  our  spring  scissors,  to  possess  ourselves  of  a  pair  of  the 
delicate  white  arms,  but  in  vain.  The  Spio,  who  has  all  her 
senses  about  her,  twitches  them  in,  and  darts  back  deep  into 
the  substance  of  the  shell,  from  the  mouth  of  which  her  tube 
projects  only  a  little  distance.  At  last  we  make  a  successful 
snip,  and  a  .tentacle  is  placed  on  the  stage  of  the  microscope, 
still  continuing  its  writhing  motions,  and  gliding  through  the 
water  as  though  possessed  of  independent  life. 

The  tentacle  of  Spio,  the  tip  of  which  is  shown  in  fig.  18, 
is  a  hollow  tube  of  dense  granular  parenchyma,  covered  by  a 
thin  layer  of  transparent  tissue.  Its  interior  is  occupied  by 
a  sinuous  vessel,  which,  in  the  living  animal,  is  constantly 
traversed  by  an  ebbing  and  flowing  tide  of  crimson  fluid.  The 
tentacle  is  thus  enabled  to  discharge  the  additional  function 
of  a  branchial  organ,  and  for  that  purpose  is  furnished  with  a 
ciliated  band  running  from  the  tip  to  the  base.  '4 

The  prehensile  apparatus  of  Spio  consists  of  numerous  large 
papillae,  thickly  crowded  together  along  the  borders  of  the 
tentacles.  The  microscopic  structure  of  these  papillss  is  ex- 
ceedingly interesting.  They  are  composed  of  a  prolongation 
of  the  granular  parenchyma,  covered  by  the  transparent  layer 
At  the  summit  of  each  papilla,  the  parenchymic  substance  is 
produced  through  the  external  layer,  as  an  acuminated  soft 
cilium  or  spine. 
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I  have  already  &otioed  the  extensive  occorrence  of  these  soft 
spiBea,  which  I  haye  called  Falpocils,  ia  the  lower  classes  of 
animals,  as  instruments  of  adhesion  or  tact.  We  find  them 
eccorring,  in  an  exaggerated  state,  in  some  of  the  protozoa,  as 
in  AcHnophrySf  Podophyra,  and  Acineta  :  on  the  tentacles  of 
Hydroid  and  Helianthmd  Polyps,  accompanied  generallj, 
but  not  invariably,  by  thread  or  sting  cells.  In  the  polyzoai 
situated  on  the  small  papillae,  concealed  within  the  jaws  of  the 
avicularia,  or  bird's*head  processes  of  Cellularia  ciliata  and 
others.  In  the  MoUusca,  as  in  the  adhesive  tentacular  fringes 
of  Lima  and  others,  and  on  the  dorsal  papill»  of  the  Eolid». 
In  the  Turbellaria ;  and  in  the  AnnelidaB,  as  in  the  tentacles 
of  Terebella  and  others.  Probably  the  long  motionless  Cilia 
which  grace  the  tentacles  of  some  of  the  Rotiferse,  as  in  Ste- 
phanoceros  and  Floscularia,  are  of  the  same  nature  as  these 
processes. 

On  forcibly  pressing  the  tentacle  of  Spio,  the  spine-bearing 
papillae  burst,  and  there  issues  from  each  of  them  a  body  of 
a  very  peculiar  kind.  This  body  is  a  pear-shaped  capsule 
(fig.  20,  a),  which  issues  from  the  papilla  in  which  it  lies  con- 
cealed, with  its  broad  end  in  advance.  Under  stronger  pres- 
sure the  capsule  also  bursts,  and  discharges  its  contents  (6)9 
I — a  multitude  of  acicular  spicules,  sharp  at  each  end. 

It  is  impossible  to  resist  the  conviction  that  these  sacs  are 
analogous  to  the  thread*cells  of  the  polyp,  although  their  struc- 
ture differs  very  considerably  from  that  of  the  latter  organs. 
They  approach  more  nearly  to  the  tricho-cysts  discovered  by 
Allman  in  Bursaria  UtAcas^  a  protozoan  animacule,  which 
eonsist  of  fusiform  capsules,  having  a  single  spicule  in  their 
interior,  or  to  the  globular  thread-cells  of  Cydlppe,  described 
by  myself,  which  contain  a  simple  coiled  thread,  unaccompanied 
by  the  usual  in  vagina  ted  sac  which  occupies  the  thread-cap- 
sules of  the  Hydroid  Zoophytes. 

We  cannot,  I  think,  doubt  that  the  tricho-cysts  of  the  sub- 
ject of  this  communication  are  instruments  of  offence,  like  the 
thread-cells  of  zoophytes.  If  so,  woe  to  the  unlucky  inhabi- 
tant of  '^  the  broad  sea  wolds"  who  shall  be  clasped  by  the 
white  and  blushing  arms  of  Spio,  once  a  powerful  Nereid  and 
grand*daughter  of  Oceanus  and  Terra,  to  whom  the  piety 


The  Distfnbution  of  JSam,  Sfc,  in  North  America.     93 

of  mankind  made  offerings  of  the  choicest  of  milk,  oil,  and 
honey,  now  degraded  to  the  form  of  a  cruel  and  voracions  littki 
worm,  and  fed  by  dilettante  naturalists  on  morsels  of  native 
oyster.  His  fate  will  be  like  that  of  the  unfortunate  whom 
we  have  all  read  of,  who,  drawn  gently  into  the  arms  of  what 
seemed  a  beautiful  maiden,  suddenly  found  himself  transfixed 
by  a  hundred  hidden  blades  projecting  through  the  rich  silk 
that  covered  her  breast. 


The  Diatrihution  of  Rain  in  the  Temperate  Latitudee  of 
North  America*    By  Lorin  Blodget,  U.  S. 

The  general  questions  relating  to  the  supply  of  moisture  to 
the  continental  areas  of  the  Northern  Hemisphere  are  at  pro^ 
sent  the  most  difiScult  in  climatology,  and,  for  their  solution, 
an  ample  collection  of  facts,  from  widely  distributed  sources, 
is  indispensable.  The  military  posts  of  the  United  States  have 
recently  been  extended  to  nearly  every  part  of  the  interior  and 
Pacific  districts,  and  the  observations  required  to  be  made  at 
these  posts  have  supplied  some  very  desirable  elements,  though 
the  periods  of  observation  are  yet  very  short.  An  approxima- 
tion sufficiently  near  to  the  true  quantities,  for  many  purposes 
of  generalization,  may  be  afforded  by  four  or  five  years  of  ob* 
eervation,  however,  and  most  of  these  posts  now  famish  re- 
cords for  three  or  five  years.  Not  only  the  new  districts  of 
this  continent,  but  much  of  the  interior  of  Europe  and  Asia, 
assist  to  furnish  this  new  material,  particularly  for  the  belt 
not  yet  illustrated,  which  stretches  from  the  Black  Sea  north- 
eastward across  the  Caspian,  and  over  the  great  areas  of 
Southern  Siberia. 

To  understand  the  distribution  of  rain  in  the  United  States 
clearly,  it  is  quite  necessary  to  make  some  exterior  or  general 
comparison  of  the  temperate  latitudes,  and  to  do  this,  if  pos- 
sible, in  a  systematic  manner,  or  as  a  whole.  The  measure- 
ments recoitled  at  many  new  points  require  such  a  comparison 
for  the  purpose  of  verification,  and  without  it,  it  is  often  diffi- 
cult to  decide  on  their  accuracy.    If  a  comparison  diteloses 
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(Symmetrical  relations,  these  may  at  once  decide  whether  the 
records  are  accurate,  and  whether  the  collection  is  sufficient  to 
permit  the  investigation  of  exterior  questions  or  those  rela- 
ting to  the  sources  of  supply  of  moisture  to  land  areas.  It 
is  still  preferable  to  confine  attention  to  the  simple  facts  of 
distribution  as  shown  by  actual  measurements,  and  to  discuss 
general  questions  only  for  the  purpose  of  verifying  these. 

In  this  simple  distribution  there  are  some  noticeable  points, 
both  of  conformity  to  the  distribution  on  the  eastern  continent, 
as  far  as  we  know  what  that  is,  and  of  contrast  with  it.  The 
most  prominent  of  these,  from  the  European  point  of  view, 
or,  as  respects  European  analogies,  is  the  great  quantity 
of  rain  falling  on  the  Mississippi  plain  of  the  interior ;  and 
at  distances  so  great  from  the  coasts,  and  under  such  cir- 
cumstances of  atmospheric  circulation,  as  to  preclude  the  idea 
of  direct  derivation  from  the  sea.  The  quantities  are  not  gra- 
duated according  to  the  proximity  of  bodies  of  water,  either  at 
the  borders  of  the  Gulf  of  Mexico  or  at  the  Great  Lakes.  The 
quantity  falling  on  the  area  between  the  35th  and  the  40th 
parallels  is  immense,  and  the  hypothesis  of  direct  transmission 
in  the  surface  atmosphere  would  require  a  constant  and  strong 
sea-wind  from  the  south  for  most  of  the  year.  Without  doubt 
a  large  quantity  of  water  is  so  transmitted  from  the  Gulf  in- 
land, but  the  leading  relation  is  that  of  capacity  for  moisture 
simply,  which  capacity  may  be  supplied  from  a  superior  cur- 
rent or  atmospheric  movement  as  readily  as  from  one  at  the 
surface  merely.  Where  the  heat  is  greatest  on  this  plain, 
and  the  resulting  capacity  for  sustaining  aqueous  vapour 
therefore  greatest,  there  is,  on  the  whole,  the  heaviest  precipi- 
tation in  the  regular  recurrence  of  rains.  At  Cincinnati  the 
temperature  is  often  equal  to  that  at  New  Orleans,  and  the 
high  measure  of  capacity  is  fully  supplied,  producing  excessive 
humidity,  and  a  profusion  of  rain  corresponding  to  such  con- 
ditions. This  point  is  630  miles  from  the  sea,  yet  it  has  a 
mean  annual  quantity  of  48  inches  of  rain,  or  more  than  double 
that  of  London  or  Paris. 

At  the  mouth  of  the  Mississippi  both  the  quantity  and  the 
forms  of  precipitation  become,  in  a  great  degree,  tropical ;  in 
the  warmer  months  they  are  fully  so,  and  it  is  singular  that, 
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from  this  point  northward,  the  diminished  quantity  of  rain  has 
direct  relations  to  the  diminution  of  heat  and  the  increstse  of 
altitude, — ^this  last  point  again  reversing  the  analogies  of  the 
west  of  Europe.  In  confirmation  of  this  view,  it  is  found  that 
the  upper  plateaux  or  valleys  on  both  sides  of  the  mountain 
ridges  in  Virginia  receive  a  quantity  much  less  than  that  fall* 
ing  in  the  Ohio  valley  at  the  same  latitude,  differing  from  that 
more  widely,  indeed,  than  from  the  quantity  on  the  plains  of 
the  Atlantic  coast.  From  Cincinnati  the  mean  of  .48  inches 
is  extended  nearly  to  Portsmouth,  and  it  is  still  42  inches  at 
Marietta,  much  nearer  the  base  of  the  mountains ;  while  at 
Lewisburg,  White  Sulphur  Springs,  Staunton,  Winchester, 
and  other  places  in  the  various  parts  of  the  upper  valleys,  the 
quantity  cannot  exceed  36  inches.  All  accessible  measure- 
ments place  it  lower,  indeed,  and  the  general  drainage  of  the 
region  implies  only  a  moderate  quantity,  with  none  of  the  pro- 
fuse floods  BO  frequent  on  the  Ohio,  and  on  the  entire  extent  of 
the  Atlantic  slope. 

The  western  part  of  the  continent  differs  radically  from  the 
condition  that  has  just  been  described.  It  is  apparent  that 
the  different  latitudes  there  reproduce,  in  succession,  the  va- 
rious generic  distinctions  belonging  to  Africa,  Europe,  and 
Asia  in  like  latitudes.  The  absence  of  rain  marks  a  desert 
belt  in  both  cases ;  and  in  each  it  begins  at  low  latitudes  of 
the  coast,  to  extend  over  a  large  share  of  each  continent 
north-eastward.  Sahara,  from  the  27th  to  the  32d  parallel  on 
the  coast  of  Africa,  has  a  corresponding  area  at  the  same  lati- 
tudes in  California  ;  and  though  there  are  many  local  differ- 
ences between  the  two,  and  a  much  larger  development  on  the 
eastern  continent,  the  substantial  identity  of  the  two  cannot 
fail  to  be  recognised  in  an  illustrative  chart. 

In  all  parts  of  the  dry  areas  this  correspondence  in  leading 
features,  while  wide  differences  of  degree,  with  many  local  pe- 
culiarities, exist,  may  be  traced  without  difficulty.  The  tran- 
sition belt  of  the  Old  World  occupies  a  very  large  space,  yet  it 
is  here  so  much  compressed  as  to  obscure  the  points  of  iden- 
tity in  many  cases.  The  characteristic  autumn  rains  of  the 
north  shore  of  the  Mediterranean  have  been  thought  to  be 
wanting  here,  yet  they  appear  very  decidedly  on  the  Gulf  coast 
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M  the  month  of  the  Rio  Grande ;  and  it  has  been  recently 
shown  by  the  surveying  officers  who  hare  traversed  the  west  of 
Texas  and  New  Mexico,  that  a  large  area  there  is  character^ 
ized  by  an  autumnal  rainy  season,  though  the  quantity  falling 
is  small.  It  is  but  little  removed  from  the  summer  rainy  sea- 
Son  of  Chihuahua  and  other  parts  of  the  north  of  Mexico,  and 
at  the  north  it  merges  into  the  equally  distributed  rains  of  the 
higher  latitudes  in  the  extreme  north  of  New  Mexico.  This 
is  nearly  the  geographical  position  the  autumn  rains  of  Europe 
have,  and  the  difference  which  places  these  in  lower  latitudes 
is  due  to  the  greater  width  of  the  European  belt,  since  that 
belongs,  in  part  at  least,  to  the  south  shore  of  the  Mediter- 
ranean. 

The  next  in  the  order  northward  is  a  narrow  area  having 
the  dry  summer  of  Spain,  and  moderate  winter  rains.  But  for 
the  peculiar  cold  coast  of  the  summer  at  San  Francisco,  this 
belt  of  light  rains — ^which  fall  wholly  in  winter — would  per- 
haps be  wider ;  but  it  is  now  much  circumscribed,  both  in 
latitude  and  longitude,  bordering  closely  on  deserts  inland. 
The  summer  rains  also  extend  farther  northward  in  the  in- 
terior than  on  the  coast,  as  they  are  abundant  on  many  parts 
of  the  high  mountains  north,  as  well  as  south,  of  the  Gila  river, 
while  they  are  unknown  as  far  south  as  observations  have  been 
made  along  the  peninsula  of  California. 

At  the  latitude  of  San  Francisco  the  two  divisions  of  the 
year  become  more  distinctly  defined ;  and  though  the  quantity 
for  the  year  is  not  larger  than  in  France,  it  falls  profusely 
during  the  rainy  season.  The  warmer  months  have  none,  and 
this  complete  interruption  belongs  to  a  relatively  larger  area 
than  on  the  old  continent ;  the  statistics  for  the  belt  to  which 
the  Mediterranean  is  central  showing  a  decided  contrast  with 
those  we  have  for  California.  At  the  42d  parallel  the  summer 
rains  begin  on  the  Pacific  coast  in  small  quantity,  and  from 
this  point  northward  they  increase  rapidly  and  regularly,  so  far 
as  known.  At  Sitka  they  become  profuse  and  almost  constant, 
and  it  is  probable  that  they  are  more  abundant  above  the  60th 
parallel  than  in  like  latitudes  of  the  west  of  Europe. 

For  these  higher  latitudes  the  Pacific  coast  has  a  larger 
quantity  for  the  whole  year  than  the  west  of  Europe,  though 
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the  belt  of  profuse  rains  is  not  wide,  and  in  the  interior,  east  of 
the  Rocky  Mountains,  the  quantities  are  much  the  same  as 
on  the  Russian  plains  north  of  the  Black  Sea.  The  dry  tran- 
sition belt  there  borders  the  Black  Sea,  and  extends  to  the 
northern  extremity  of  the  Caspian,  while  it  ceases  here  at 
the  plains  of  the  Columbia  west  of  the  mountains,  and  at  the 
northerly  bend  of  the  Missouri  east  of  them, — both  points 
nearly  at  the  same  latitudes  as  the  dry  Caspian  basin.  The 
plains  of  British  America  are  as  well  supplied  with  rain  as 
those  of  the  Volga,  and  apparently  better  than  the  high  plains 
or  steppes  of  Siberia.  At  least  they  have  a  supply  adequate 
to  the  purposes  of  cultivation,  and  show  no  deficiency  on  the 
eastern  slopes  of  the  Rocky  Mountains,  at  the  sources  of  the 
Saskatchawan,  Athabasca,  &c. 

This  decided  abundance  on  the  plains  of  British  America 
may  be  taken  as  strong  evidence  that  the  dry  plains  at  the 
south  find  their  origin  in  general  causes  affecting  continental 
distribution,  and  are  not  to  be  attributed  to  the  Rocky  Moun* 
tains  alone.  The  greater  area  of  the  dry  belt  of  the  eastern 
continent  is  beyond  the  influence  of  important  mountain 
ranges,  and  it  clearly  is  not  chargeable  to  such  influences. 
Though  the  configuration  here  may  favour  the  view  that  all 
such  contrasts  are  due  to  configuration  simply, — since  the 
mountain  ranges  near  the  Pacific  are  all  high,  and  formidable 
as  atmospheric  barriers, — ^the  comparison  of  the  two  continents, 
as  a  whole,  furnishes  an  analogy  so  clear  that  we  are  not 
disposed  to  look  farther  for  the  solution  of  the  arid  belts. 
What  the  ultimate  causes  of  this  continental  aridity  are  is  not 
clear  ;  but  it  is  not  necessary  to  enter  on  that  inquiry  in  order 
to  admit  conclusions  adverse  to  those  which  attribute  all  these 
distinctions  to  the  influence  of  mountain  ranges. 

In  the  central  area  east  of  the  Rocky  Mountains  there  are 
many  interesting  anomalies  and  contrasts  which  cannot  be- 
long to  vertical  configuration,  since  the  whole  is  a  plain.  On 
the  lower  Rio  Grande  there  is  an  autumnal  rainy  season, 
which  at  New  Orleans  passes  into  a  district  having  a  summer 
,and  a  winter  rainy  season,  with  a  small  comparative  deficiency 
in  both  spring  and  autumn.  Here  the  quantity  is  nearly  twice 
as  great  as  that  at  the  mouth  of  the  Rio  Grande.    Further 
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east,  April  and  September  exhibit  a  decided  deficiency.  This 
is  particularly  the  case  from  Pensacola  to  Charleston,  and  on 
the  npper  part  of  the  Peninsula  of  Florida.  Eat  in  Florida 
the  winter  is  a  dry  season,  and  the  summer  excessively  rainy 
in  the  southern  part.  In  summer  the  quantity  in  Florida  is 
similar  to  that  falling  at  New  Orleans,  though  perhaps  some- 
what greater ;  but  in  winter  there  is  a  quantity  three  times  as 
great  on  the  lower  Mississippi,  as  in  Florida — ^the  quantities 
being  18  and  6  inches  respectively. 

Northward  in  the  Mississippi  valley  or  plain  the  rains  for 
the  warmer  season  increase  rapidly  in  their  percentage  on  the 
amount  for  the  year, — ^those  for  the  three  months  of  summer 
becoming  fifty  per  cent,  on  the  yearly  quantity  at  Fort  Snell- 
ing.  From  this  last  point  northward  the  condition  is  similar 
to  that  on  the  plains  beyond  the  Volga,  though  the  "summer 
quantity  is  evidently  greater  in  actual  measurement  tiian 
where  it  constitutes  fifty  per  cent,  of  the  yearly  quantity  near 
the  Ural  Mountains. 

The  district  of  the  great  lakes  is  peculiar,  repelling  the 
summer  profusion  as  it  does,  and  thus  diminishing  the  yearly 
sum  very  much  in  comparison  with  the  country  near  it  on  the 
south.  This  influence  is  most  clearly  shown  at  Lake  Michigan, 
around  which  the  quantities  for  the  warmer  months  increase 
in  all  directions.  A  portion  of  the  high  lands  in  New  York, 
and  probably  also  at  the  north  of  Lake  Huron  and  Lake  Supe- 
rior, arrest  a  larger  quantity  in  summer  and  autumn,  because 
of  the  presence  of  these  bodies  of  water ;  but  this  water  surface, 
as  well  as  that  of  the  plains  in  their  vicinity,  certainly  receives 
less  than  the  plain  of  the  Mississippi  at  a  distance  from  them 
in  the  same  latitudes.  Iowa  is  much  more  profusely  watered 
than  Michigan,  and  more  profusely  also  than  the  plain  north 
of  Lake  Erie,  which  extends  eastward  through  New  York  at 
the  south  of  Lake  Ontario. 

Thp  valley  of  the  St  Lawrence  at  Montreal  and  northward 
is  now  less  known  than  most  other  localities.  In  that  part  of 
this  valley  which  lies  in  New  York  the  quantity  of  rain  is 
small, — somewhat  singularly  so  near  Ogdensburg.  But  at 
Montreal  it  is  much  larger,  according  to  the  two  or  three  years 
of  recent  observation,  and  it  appears  to  be  large  also  at 
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Quebec.  For  this  area,  and  itd  extension  northward  tt>  l^ud- 
son's  Bay  and  Labrador,  there  is  yet  too  little  known  to  decide 
whether  it  has  analogies  with  other  districts  of  similar  position 
on  the  eastern  continent. 

It  does  not  appear  that  aliy  part  of  the  Alleghanies  is  cha- 
racterized by  the  profusion  which  is  directly  due  to  altitude,  as 
on  the  high  lands  of  the  British  Islands,  and  on  the  various 
ranges  of  the  Alps.  In  some  parts  of  New  England  and  New 
York  this  increased  quantity  appears  to  a  certain  degree, 
but  never  largely;  and  in  Pennsylvania  the  hills  or  mountains 
first  begin  to  produce  a  diminution,  instead  of  an  increase  of 
quantity.  In  Virginia  this  is  still  more  decidedly  the  case, — 
the  whole  mountain  region  being  comparatively  deficient  in 
the  quantity  of  water  falling  in  rain  for  every  season.  Still 
further  south  the  profuse  humidity  of  the  lower  Mississippi  may 
add  something  to  the  quantity  falling  on  the  Cumberland 
Mountains,  and  on  the  southern  prolongation  of  the  Allegha- 
nies proper.  In  Georgia,  South  Carolina,  and  North  Carolina, 
the  slope  approaching  the  mountains  has  decidedly  less  rain 
on  attaining  an  altitude  of  1000  feet,  and  none  of  the  ridges, 
or  even  of  the  higher  ranges,  have  any  marked  excess.  The 
immediate  coast,  however,  has  again  a  diminution  of  quan- 
tity, the  islands  and  exposed  points  of  the  mainland  show- 
ing less  rain-fall,  as  they  show  a  less  excessive  saturation,  at 
the  extreme  intervals ;  the  heavier  rains  falling  at  a  suffi- 
cient distance  inland  to  avoid  the  cooling  sea  breezes.  This 
excess  at  the  inland  border  of  the  alluvial  plain  charac- 
terizes all  the  southern  states  on  both  the  Atlantic  and  the 
Gulf  of  Mexico. 

The  full  sea  exposures  diminish  the  quantity  on  the  whole 
coast  south  and  east,  at  least  to  the  42d  parallel.  At  Nan- 
tucket, and  on  the  eastern  end  of  Long  Island,  long  series 
of  accurate  observations  afford  the  same  result.  At  White- 
mash  Island,  near  Savannah,  Georgia,  and  at  St  Augustine, 
Key  West,  the  same  influence  is  apparent,  and  great  reduction 
of  the  adjacent  inland  measurements  appears.  The  solution 
of  all  these  facts  is  undoubtedly  the  same  as  in  the  case  pre- 
viously noticed,  where  the  great  lakes  are  found  to  reduce 
the  quantity,  particularly  for  the  summer,  by  preventing  the 
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high  temperature,  and  consequent  excessive  local  saturation, 
which  prevails  at  times  over  land  areas. 

It  is  remarkable,  that  in  the  United  States  generally,  the 
sensible  moisture  should  present  conditions  in  marked  contrast 
with  the  measured  precipitation  in  rain,  according  to  the  stan- 
dard of  mutual  relations  which  exists  in  Europe.  At  the  38th 
parallel  in  the  Mississippi  valley  this  is  more  remarkable  than 
elsewhere,  and  it  is  next  conspicuous  on  the  Atlantic  slope  from 
Massachusetts  to  Georgia,  or  most  decidedly  from  Maryland 
to  Georgia.  In  the  lake  district  the  sensible  humidity  is  greater 
than  in  the  districts  just  named,  while  the  quantity  of  water 
falling  in  rain  is  much  less.  There  is  something  European  in 
the  atmosphere  of  the  lake  district  for  parts  of  the  year, 
though  the  summer  has  much  of  the  extreme  aridity  and  elas- 
ticity which  belong  to  the  climate  of  the  United  States  as  a 
whole. 

There  are  interesting  features  of  this  elasticity  and  ab- 
sence of  sensible  moisture  over  all  parts  of  the  great  inte- 
rior. One  of  the  most  noticeable  localities  is  the  line  which 
separates  the  rains  and  clouds  of  Upper  Texas  from  the  intense 
aridity  of  the  atmosphere  of  New  Mexico  ;  this  line  is  near  the 
eastern  border  of  the  Llano  Eatacado  or  Staked  Plain.  The 
phenomena  of  violent  storms  called  northers^  which  prevail 
from  Vera  Cruz  to  Galveston,  are  abruptly  changed  here,  the 
whole  being  confined  to  the  area  where  saturation  becomes  ex- 
cessive, and  where  violent  displacements  of  the  local  atmo- 
sphere attend  the  precipitation  of  this  moisture  in  rain. 

At  the  northern  border  of  the  summer  rains  of  Mexico,  along 
tiie  mountains  near  the  Gila  Elver  on  the  south,  a  similarly 
abrupt  transition  from  a  local  humidity  to  an  intense  aridity 
occurs ;  the  clouds  coming  up  from  the  south-east,  and  wast- 
ing suddenly  at  that  limit.  At  the  eastern  side  of  the  Sierra 
Nevada  the  same  transformation  of  the  west  winds  occurs  at 
the  latitude  of  Los  Angelos  (35°)  in  the  rainy  season,  or  at  its 
commencement  and  close. 

A  local  phenomenon  of  condensation,  still  more  striking  as 
a  peculiarity,  is  found  in  the  fogs  of  the  coast  of  California 
from  Monterey  to  Fort  Orford.     This  is  intensified  at  San 
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Francisco,  and  it  is  there  clearly  seen  to  be  but  the  simple 
condensation  of  the  moisture  of  the  heated  air  of  the  interior 
when  reduced  in  temperature  by  the  intrusion  of  the  cold  coast 
wind.  This  is  usually  at  67°  nearly,  while  the  valleys  of  the 
Sacramento  and  San  Joaquin  may  be  at  an  average  of  from  85° 
to  90°  for  many  days,  or  even  months.  When  this  dry  wind 
rises,  as  the  result  of  the  contrasted  densities  of  the  air  over 
the  cold  sea,  and  of  the  heated  interior,  the  moisture  is  con- 
densed by  the  sudden  refrigeration  simply,  and  it  often  falls 
or  settles  slowly  in  its  vesicular  form  until  the  surface  is  wet 
as  from  a  rain.  At  sea  it  does  not  exist ;  and  it  constantly  re- 
mains along  the  line  separating  the  sea  and  interior  but  a  few 
miles  in  width.  Though  rolling  its  volumes  constantly  inland, 
the  movement  only  diminishes  the  humidity  of  the  interior,  in- 
stead of  adding  to  it.  When  the  rains  commence,  the  clouds 
depositing  them  are  high,  and  with  a  regular  movement  from 
the  west.  The  relations  of  the  local  and  sensible  humidity  to 
the  quantity  of  rain,  and  to  its  sources  of  supply,  are  similar 
in  some  respects  over  the  whole  area  of  the  United  States  to 
those  just  described  at  San  Francisco,  or  they  are  similarly 
disconnected  and  remote. 

It  may  be  said  of  the  sources  and  laws  of  supply  of  mois- 
ture to  this  continent,  that  the  entire  weight  of  the  leading 
facts  bears  against  the  hypothesis  of  direct  transmission  from 
the  sea  in  the  surface  atmosphere.  With  the  whole  move- 
ment of  winds,  when  reduced  to  a  resultant,  from  west,  at  the 
latitudes  of  30°  to  60°  north,  we  find  a  much  heavier  rain-fall 
on  the  eastern  half  of  the  continent^  and  over  areas  like  the 
Ohio  and  Mississippi  plain,  and  the  Atlantic  plain  from  Mary- 
land northward.  If  the  Mississippi  plain  may  be  supposed  to 
be  supplied  by  the  southerly  winds  of  the  lower  portion  from 
the  Gulf  of  Mexico,  it  is  still  difficult  to  suppose  that  supply 
very  great  at  and  above  Cincinnati,  and  equally  great  in 
Iowa.  The  relation  of  the  plain  of  the  lakes  to  those  two  first 
named  has  great  force,  as  proof  that  a  wholly  different  law  of 
supply  exists. 

Dove  has  recently*  attributed  the  quantity  of  rain  for  the 

*  "  Annalen  du  Physik.*'   Translated  for  American  Manual  of  Science,  1855-56, 


102     On  the  Distribution  of  Rain  m  North  America. 

continental  areas  more  direetly  to  the  surface-winds  than  at 
any  former  period,  and  in  support  of  this  view  has  cited  at 
length  the  local  peculiarities  of  the  transition-belt  of  the 
eastern  continent.  Here  this  transition-belt  is  narrower,  and 
its  peculiarities  are  less  likely  to  be  taken  as  the  type  for  other 
latitudes. 

The  force  of  the  evidence  afforded  by  the  chart  in  favour  of 
the  view  taken  here  as  to  the  sources  of  supply  for  the  great 
quantities  of  rain  falling  in  the  eastern  United  States,  de- 
pends upon  the  recognition  of  the  westerly  winds  as  a  strong 
exterior  circulation — ^a  circulation  not  admitted  by  Dove.  But 
on  this  point  the  subject  opens  too  widely  for  the  limits  of 
this  paper,  and  it  can  only  be  said  that  the  evidences  of  this 
exterior  circulation  furnished  by  American  observation  appear 
overwhelming. 

The  accompanying  chart  (PL  lY.)  shows  some  of  the  more 
prominent  features  of  the  distribution  of  rain  in  North  Ame- 
rica, though  larger  areas  of  observation  are  wanting.  The 
greatest  want  is  at  sea,  however,  and  it  is  impossible  to  say 
what  the  graduation  seaward  is  anywhere  except  on  the  Atlan- 
tic coast.  There  it  is  unknown  beyond  a  few  miles ;  and  whether 
the  Gulf  stream  has  a  belt  of  excess  can  only  be  inferred  from 
the  general  path  it  appears  to  furnish  for  the  greater  storms. 

On  the  scale  of  the  map,  the  areas  of  small  quantity  appear 
large,  and  if  the  extreme  latitudes  were  included,  the  propor- 
tions would  be  yet  greater.  The  belt  of  excessive  rains  at  the 
north-west  is  also  large,  and  what  the  shading  seaward  should 
be  cannot  now  be  defined.  The  belt  of  excess  is  narrow, 
though  it  occupies  a  long  line  of  coast.  The  number  of  80 
inches  at  Sitka  is  somewhat  less  than  the  actual  measurement, 
and  the  other  quantities  are  derived  from  this  point  alone  for 
all  the  coast  above  Puget's  Sound. 

The  quantity  on  the  mountains  near  the  Pacific  is  of  course 
but  a  rude  approximation,  since  measurements  are  impossible, 
and  there  is  little  local  uniformity.  Portions  of  the  Sierra  Ne- 
vada have  more  than  35  inches,  and  other  portions  clearly 
much  less.  The  coast-ranges  are  also  very  variable  for  loca- 
lities varying  little  in  position  or  altitude.  The  mountains  of 
New  Mexico  are  equally  variable,  and  sometimes  a  great  pro- 
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fusion  occurs  in  close  proximity  to  localities  having  v^ry  little, 
or  none.  Whether  this  variability  belongs  to  the  ranges  south- 
ward in  the  interior  of  Mexico  is  not  known ;  but  there  is  some 
reason  to  beliere  that  they  are  more  uniformly  watered  when 
rains  fall,  since  the  temperature  is  much  lees  variable,  and  the 
change  of  seasons  affects  them  less. 

Some  minor  distinctions,  which  are  elsewhere  given  on 
charts  of  a  larger  scale,  do  not  appear  on  this,  though  this 
may  suffice  to  give  some  general  view  of  the  distribution  of 
quantities. 


On  the  Composition  of  the  Phosphate  of  Lime  eoAsting  in  Sea- 
Water.  By  Aug.  A.  Hayes,  M.D.,  Assayer  to  State  of 
Massachusetts,  U.S.A. 

The  presence  of  phosphate  of  lime,  as  one  of  the  consti- 
tuents of  sea-water,  was  long  since  pointed  out,  and  from  time 
to  time  its  proportion,  relatively  to  other  substances  forming 
deposits  from  the  water  by  evaporation,  has  been  the  subject 
of  special  researches. 

In  the  past  state  of  our  knowledge  it  had  been  supposed 
that  the  phosphate  of  lime  found  in  the  analysis  had  the  com- 
position of  3  Ca  0  PO*,  or  bone  phosphate,  dissolved  in  virtue 
of  the  solvent  power  of  saline  water. 

Some  experimental  results,  which  I  have  lately  obtained, 
have  led  me  to  doubt  the  accuracy  of  our  knowledge  on  this 
subject,  and  may  be  of  interest  to  chemists  and  geologists,  as 
this  almost  universally  distributed  salt  seems  to  have  had  an 
influence  in  the  formation  of  secondary  rocks,  as  a  cement  and 
otherwise. 

When  bones,  with  adhering  muscles  and  tissues,  are  im- 
mersed in  water,  either  pure  or  saline,  in  a  temperature  of  60** 
or  80° Fahrenheit,  a  fermentative  decomposition  takes  place,  and 
continues  for  some  time.  The  fat  cells  of  the  tissues  become 
broken,  fatty  acids  and  oils  are  separated,  while  a  superficial 
breaking  up  of  the  structures  of  the  bone  occurs.  Translucent 
bones  and  fish  bones  are  rendered  opaque ;  and  the  appearance 
of  amorphous  products  indicates  that  an  important  change  of 


104  Dr  Hayes  on  the  Composition  of  the 

chemical  composition  goes  on  in  their  masses.  The  water  1>e- 
comes  covered  with  a  film,  and  deposits  adhere  to  the  sides 
and  hottom  of  the  containing  vessel,  while  suspended  matter 
gives  a  grayish  hue  to  the  fluid.  Several  of  the  acids  formed 
in  the  decomposition  of  organic  matter,  in  presence  of  azotized 
compounds,  such  as  the  lactic,  crenic,  and  more  rarely  the 
acetic,  are  recognised  early  ;  in  the  later  stages,  the  butyric 
appears.  The  mere  solution  of  the  juices  of  flesh  are  slightly 
acid  in  their  secretion ;  but  the  most  remarkable  condition 
which  follows  the  first  stage  in  the  decomposition  of  the  bone, 
is  tbat  of  the  alkaline  reaction  of  the  fluid.  It  can  be  de- 
monstrated that  no  ammonia  has  been  formed;  and  a  number 
of  observations  indicate  that  a  solution  of  a  small  quantity  of 
carbonate  of  lime  in  carbonic  acid  and  water  is  not  the  cause 
of  alkaline  reaction. 

By  heat  cautiously  applied,  the  albuminous  matter  of  the 
solution  may  be. coagulated  without  destroying  the  alkaline 
action  of  the  fluid,  and  the  separation  of  suspended  substances 
being  eficcted,  a  clear  alkaline  fluid  may  be  obtained,  in  which 
the  acids  appear  to  be  united  to  protein  compounds,  derived 
from  the  tissues. 

On  adding  to  the  clear  fluid  some  solution  of  ammonia,  a 
precipitate  of  phosphate  of  lime  and  phosphate  of  ammonia 
and  magnesia,  mixed  with  some  organic  salts  of  lime,  falls. 
There  is  nothing  here  presented,  unlike  the  ordinary  solution 
of  bone  phosphate  of  lime  in  gelatinous  solutions  by  heat,  and, 
without  further  examination,  the  case  might  be  passed  as  one 
presenting  only  the  usual  results.  By  boiling  the  fluid  a  few 
moments,  and  allowing  it  to  cool, — an  excess  of  ammonia  being 
present, — the  phosphates  and  other  compounds  of  earths  and 
oxide  of  iron  may  be  removed,  and  the  filtered  liquid  obtained 
clear  and  nearly  colourless.  On  adding  to  the  clear  filtrate  a 
solution  of  wine  and  ammonia  and  water,  an  abundant  preci- 
pitation of  bone  phosphate  of  lime  occurs  ;  an  excess  of  the 
lime  solution  being  present,  the  whole  of  the  phosphate  of  lime 
falls,  and  may  be  washed  on  a  filter,  as  usual.  Without  insist- 
ing on  the  accuracy  of  this  mode  of  separating  the  phosphate 
of  lime,  still  it  offers  great  facility  of  application,  in  studying 
the  progress  of  the  decomposition  of  the  bone,  and  solution  in 
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water  of  phosphate  of  lime ;  enabling  us  to  prove,  that  in  the 
presence  of  decomposing  animal  matter,  some  bone  phosphate 
of  lime,  or  3  Oa  0  PO*,  is  only  slightly  soluble  in  water. 

As  the  second  precipitation  of  phosphate  of  lime  caused  by 
the  lime  solution  proves  the  existence  in  the  liquor  of  an  ex- 
cess of  phosphoric  acid,  the  character  of  alkalinity  noticed  in 
the  liquor  from  bones  becomes  the  more  remarkable ;  and  in 
further  elucidation  of  this  point,  it  was  found  that  phosphorus, 
oxidizing  in  contact  with  animal  tissues,  would  produce  its 
oxygen  acids  in  union  with  protein  compounds  possessed  of 
marked  alkalinity. 

Adopting  the  more  accurate  processes  for  determining  the 
proportion  of  phosphoric  acid,  it  has  been  demonstrated  that 
the  decomposition  of  bone  may  give  to  the  fluid  in  which  it  is 
immersed  a  phosphate  of  lime  no  more  basic  than  Ca  OPO^, 
and  even  more  acid  solutions  have  been  formed  by  a  continued 
action. 

The  known  composition  of  bone  requires,  for  the  production 
of  the  monobasic  phosphate  of  lime,  the  withdrawal  of  not 
only  the  two  equivalents  of  lime,  but  also  the  carbonate  of 
lime,  forming  about  ten  per  cent,  of  the  mineral  matter,  by 
acids  engendered  from  the  animal  substances  decomposing 
with  it  The  deposition  taking  place  in  the  fluid  consists  of 
crenate,  stearate,  oleate,  and  carbonate  of  lime :  there  are  pre- 
sent, also,  some  undetermined  salts,  or  compounds  of  lime  and 
animal  matter ;  and  no  one  can  pursue  these  inquiries  into 
the  products  of  decomposition  without  having  the  suggestion 
arise,  that  the  chemical  constitution  of  bone  may  be  very  dif- 
ferent from  that  which  our  analyses  show.  Early  in  the  pro- 
gress of  decomposition  we  notice  the  solution  of  the  bibasic 
phosphate  and  the  appearance  of  a  protein  compound  of 
lime,  the  separation,  as  it  were,  of  two  constituents  of  bone  by 
a  proximate  analysis.  Later,  the  presence  of  salts  formed  by 
acids  renders  the  problem  more  complex,  though  not  less  in- 
teresting in  character. 

In  the  description  of  the  decomposition  of  bone  and  tissues 
in  water  pure  or  saline,  here  briefly  given,  I  have  confined 
the  expression  to  the  case  of  complete  immersion.  When 
bone,  with  the  adhering  tissues  and  muscle,  is  exposed  so  that 
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part  is  immersed  in  vater  and  part  remains  in  the  atmosphere, 
the  decomposition  proceeds  with  other  phenomena.  The  acids 
of  animal  decomposition,  with  their  attendant  ethers,  appear, 
and  the  solution  is  always  acid ;  while  the  separation  of  the 
lime  from  the  basic  phosphate  takes  place  through  the  afiBnity 
of  the  acids  with  which  it  combines.  It  is  well  known  that 
recently  formed  phosphate  of  lime  is  decomposed  in  part  by 
carbonic  acid  in  solution,  or  by  a  current  of  the  acid  gas ;  and 
this  acid  is  one  resulting  from  the  changes  which  the  crenic 
acid  suffers  when  exposed  to  air.  In  this  double  exposure 
there  is  therefore  less  of  novelty  attending  the  changes,  al- 
though the  results  are  equally  important;  for  the  tribaeic 
phosphate  may  thus  become  converted  into  the  BEKmobasic 
phosphate  of  lime,  in  presence  of,  and  in  contact  with,  recently 
precipitated  carbonate  of  lime.  We  may  even  displace  phos- 
phoric acid  from  bone-ash  by  sulphuric  acid,  in  presence  of 
protein  compounds,  and  an  excess  of  carbonate  of  lime,  without 
combining  the  phosphoric  acid  of  the  bibasic  phosphate  with 
the  lime  of  the  carbonate.  On  varying  the  circumstances,  so 
that  after  a  double  exposure  the  decomposing  matter  may  be 
immersed  wholly  in  the  fluid,  the  add  9taU  disappears^  and 
is  succeeded,  after  the  lapse  of  some  time,  by  the  alkaline 
state  described  above.  Where  bone  decomposes  naturally, 
this  double  exposure  is  doubtless  that  most  commonly  observed ; 
but  the  changes  taking  place  in  dead  organisms  immersed  in 
the  ocean  belong  to  the  conditions  productive  of  alkalinity, 
and  lead  to  the  conclusion  that,  under  these  conditions,  either 
the  monobasic  or  bibasic  phosphate  exists  in  sea-water.  In 
this  view,  the  phosphate  of  lime  in  sea-water  cannot  be  the 
tribasic  or  bone  phosphate,  because  its  most  obvious  and 
abundant  source  is  found  in  the  presence  of  decomposing  or- 
ganisms, constantly  undergoing  the  earlier  as  well  as  final 
changes. 

If  the  bones  of  organisms  in  their  natural  transformations 
give  rise  to  mono  and  bibasic  compounds  of  phosphoric  acid 
and  lime,  which,  either  natural  or  alkaline,  from  the  presence 
of  organic  matter,  dissolve  in  sea- water,  then  it  follows  that 
one  or  both  of  these  salts  may  be  that  best  adapted  to  the  for- 
mation of  new  bony  structures  of  the  animals  assimilating 
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them.  It  is  not  necessary  here  to  name  the  many  se^etions 
and  fluids  of  the  animal  system,  known  to  every  chemist,  in 
which  the  phosphoric  acid  present  is  in  too  large  a  proportion 
to  form  bone  phosphate  with  the  lime  also  engaged,  nor  to 
refer  to  the  composition  of  the  phosphate  of  lime  found  in  the 
stomach  during  healthy  digestion,  for  evidence  in  support  of 
the  conclusion  I  have  presented.  Indeed,  it  appears  probable 
that  we  have  often  overlooked  this  bibasic  composition  of  the 
phosphate  of  lime,  solely  in  consequence  of  its  apparent  in- 
compatibility with  alkaline  reaction  in  the  fluids  under  ex- 
amination. 

Although  the  subject,  as  here  presented,  was  one  of  special 
research,  yet  it  is  connected  with  one  of  a  more  general  cha- 
racter, in  which,  under  a  new  aspect,  we  have  a  striking  illus- 
tration of  bone  decomposition,  as  afibrded  by  its  final  results. 


On  the  Composition  of  the  so-called  Ouanoa  of  the  Atlantic 
Islands,  By  Aua.  A.  Hates,  M.D.,  Assayer  to  State  of 
Massachusetts,  U.S.A. 

The  deposits  formed  on  islands  frequented  by  sea- fowl,  and  ex- 
posed to  tropical  rains  and  winds,  have  within  the  last  few  years 
become  an  article  of  commerce  in  the  United  States,  chiefly 
as  a  source  of  phosphate  of  lime.  Unfrequented  islands  have 
consequently  been  stripped  of  their  coverings,  and  large  quan- 
tities of  various  compounds,  containing  phosphoric  acid,  have 
become  well  known  to  those  chemists  who  have  engaged  in  the 
analysis  of  them. 

These  guanos  have  generally  been  supposed  to  differ  from 
the  Peruvian  guano,  in  the  particular,  that  the  ammonia  salts 
have  been  washed  out  of  them,  leaving  the  earthy  salts  behind ; 
but  no  evidence  has  been  adduced  proving  that  ammonia  com- 
pounds have  been  formed  during  decomposition. 

In  the  following  description,  it  is  my  intention  to  include 
under  two  heads  all  the  varieties  that  have  been  abundantly 
found : — 

Istf  Arenaceous  Guwao. — This  variety,  where  it  has  been 
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freely  exposed,  is  generally  white,  with  some  shade  of  yellowish- 
brown.  It  is  a  somewhat  coarse  sand,  resembling  coral  sand, 
and  we  find  in  it  remains  of  bones  of  fish,  those  of  other 
marine  animals,  and  the  shells  of  shell-fish,  reduced  to  a  coarse 
powder. 

The  deposit  on  the  Ayes  Island  is  thus  characterised,  while 
that  from  the  Cuba  Keys,  and  other  points,  is  more  finely 
divided,  and  still  contains  hamus  of  flesh.  These  seldom 
afford  more  than  sixty  parts  of  bone  phosphate,  from  one- 
hundred  pints  of  the  dry  sand  ;  the  remainder  being  nearly 
all  carbonate  of  lime.  Where  the  food  of  the  fowls  has  been 
almost  exclusively  fish,  and  the  droppings  have  been  protected, 
we  find  a  larger  percentage  of  bone  phosphate  of  lime. 

2dy  Rock  Guano. — The  mineral  I  have  named  rock  guano 
is  in  the  form  generally  of  an  irregular  incrustation,  from  one 
inch  to  two  feet  in  thickness,  pale  yellowish-brown,  or  nearly 
white  in  colour,  its  fracture  showing  a  deeper  shade  in  bands, 
alternating  with  those  of  a  lighter  colour.  Like  compact  cal- 
careous concretions,  the  exposed  surface  presents  rounded 
elevations,  while  within,  the  mass  is  full  of  cavities  and  air- 
passages.  Its  fracture,  generally  splintery,  sometimes  assumes 
a  conchoidal  form,  and  its  hardness,  greater  than  that  of  fluor- 
spar, is  next  to  that  of  feldspar ;  average  sp.  gr.  2-440. 

Varieties  are  numerous,  referable  generally  to  a  kind  of 
secondary  action,  in  which  the  matter  of  comminuted  bones 
has  mixed  with  beds  of  recent  shells,  and  not  only  consolidat- 
ing them,  but  decomposing  the  carbonate  of  lime  in  their 
structures,  has  converted  it  into  phosphate  of  lime. 

By  far  the  most  remarkable  form  of  rock  guano  is  of  re- 
cent discovery.  It  is  a  rock  much  resembling  some  trachytes, 
having  natural  cleavage  planes,  which  divide  it  into  rhom- 
boidal  masses  of  various  sizes.  The  recent  fracture  discloses 
grains  disseminated,  which,  partly  resembling  feldspar,  might 
be  mistaken  for  this  mineral ;  with  light  and  dark-coloured 
sandy  grains,  coloured  by  iron  oxides,  cemented  as  it  were  by 
a  yellowish-green  mineral,  might  at  once  be  pronounced  to  be 
epidote. 

I  have  been  informed  that  the  island  from  which  this  rock 
was  brought  has  been  surveyed,  and  was  supposed  to  be  of 
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volcanic  origin^  in  conseqaence  of  its  basis  rock  being  pro- 
nounced recent  trachyte,  while  it  is  truly  consolidated  bones» 
of  altered  composition,  the  lime  base  replaced  by  iron  and  in 
part  by  oxide  of  manganese. 

In  stating  the  composition  of  rock  guano,  as  no  two  speci- 
mens are  alike,  I  purposely  omit  several  constituents  which 
occur  in  minute  quantity,  and  keep  in  view  the  phosphate  of 
lime  and  organic  matter  as  the  prominent  constituents.  The 
composition  of  the  arenaceous  guano — ^found  on  the  same  spot 
below  the  rock  guano^n  Monk's  Island,  is  also  given  for 
comparison. 


100  Partt  of  Rock  Ouano, 
Moisture,  .         .         .  0*80 

Dry  organic  acids,  hamos,  Ac.       11*00 
Sulphate  of  lime,       .         .  7*90 

Bone  phoB.  lime  &  magnesia,      110*20 
Band,         ....  0*80 


13070 


100  Parti  of  Arenauou*  Ouano. 
Moisture,  ....  6*84 

Dry  organic  acids,  homos,  ftc.        1  '80 
Sulphate  of  lime,       .         .  7*00 

Bone  phos.  lime  &  magnesia,      114*40 
Sand,         ....  0*60 


130-64 


The  bone  phosphate  here  stated  is  the  proportion  obtained 
by  adding  su£Gicient  lime  to  combine  with  the  phosphoric  acid 
present.  My  own  analysis  of  the  vertebra  of  the  halibut 
gave  86*8  parts  of  bone  phosphate  of  lime  in  one  hundred 
parts  of  the  gently-calcined  ash,  while  so  much  of  the  fresh 
bone  and  tissues  as  afforded  100  of  ash,  after  treatment 
with  carbonate  of  ammonia,  decomposed  by  acids,  gave  92 
parts.  The  food  of  fowls  we  know  to  consist  of  shell-fish 
in  part,  and  consequently  the  bone  phosphate  originally  pre- 
sent could  not  have  contained  so  much  as  86  parts  of  phos- 
phate of  lime ;  while  the  really  existing  phosphate  in  the 
rock  guano  produces  more  than  125  parts.  This  composition 
offers  the  clue  to  the  explanation  of  the  secondary  origin  of 
the  guano  as  a  rock  presenting  varied  physical  characters, 
and  leads  us  to  inquire  into  the  chemical  influences  exerted, 
while  the  excrement  of  birds  mixed  with  more  or  less  of 
other  animal  remains,  undergoes  decomposition  at  temperature 
not  below  85""  Fahrenheit ;  both  water  and  moisture,  being 
present  as  aids. 

Experiments  show  that,  under  these  conditions,  putrefac- 
tion proceeds  with  the  production  of  acids.  The  first  effect 
observed  on  the  recent  cbroppings  is  the  removal  of  the  urates. 


110  Dr  Hayes  on  the  Composition  of  the 

and  other  soluble  ezoretions  which  are  ammonia  producers,  by 
rains.  Then  the  crenic,  humic,  carbonic,  stearic,  and  oleic 
acids  begin  to  combine  with  lime  as  they  form  or  are  sepiurated 
from  the  animal  matter ;  and  these  lime  salts  being  in  turn 
carried  off  by  rains,  the  phosphate  of  lime  of  the  divided  bones 
becomes  less  and  less  basic  in  composition.  Halibut  bones, 
even  after  they  have  been  long  boiled  in  pure  water,  to  remove 
animal  tissues,  give  to  sea- water  lime  salts  abundantly  as  they 
decompose,  and  the  quantity  of  fatty  acid  salts  formed  is  very 
large.  The  salts  of  fatty  acids  are  among  the  most  permanent 
products  of  decomposition,  and  we  find  them  in  the  composi- 
tion of  most  of  the  remaining  forms  of  the  organic  matter. 
The  breaking-up  of  bone,  in  a  limited  quantity  of  water,  pro- 
ceeds until  the  presence  of  mono  and  bibasic  phosphate,  ere- 
nates,  stearates,  &c.,  establish  a  balance  ;  but  where  rains  are 
frequent,  this  limit  is  not  reached,  as  the  removal  of  the  lime 
salts  allows  the  phosphoric  acid  to  be  actually  disengaged,  and 
to  act  on  carbonate  of  lime.  Thousands  of  tons  of  both  are- 
naceous and  rock  guano  have  been  imported  in  which  the  phos- 
phate of  lime  of  the  mass  was  bibasic ;  while  the  varieties  which 
are  formed  by  the  conversion  of  beds  of  shells  into  phosphate 
of  lime  show  that  a  higher  state — even  that  of  arid  reaction 
— ^must  have  been  attained  in  the  mass. 

In  the  composition  of  the  rock  guano,  we  see  that  the  pro- 
portion of  organic  acids  and  salts  is  much  larger  than  exists 
in  the  arenaceous  guano  from  which  it  has  been  derived.  The 
presence,  to  a  greater  or  less  amount,  of  this  matter  alters  the 
physical  characters  of  rock  guano ;  and  it  often  is  almost  en- 
tirely abstracted,  apparently  subsequently  to  consolidation. 
When  the  organic  matter  passes  to  the  state  of  carbonic  acid, 
the  removal  of  the  excess  of  lime  by  the  ready  solubility  of 
the  bicarbonate  of  lime  formed  may  proceed  rapidly,  and  we 
always  observe  in  the  older  rock,  thus  deprived  of  organic 
matter,  innumerable  channels  through  which  the  solution  has 
passed  apparently. 

The  cementation  of  the  sandy  grains  into  rock  is  one  of  the 
most  interesting  features  of  this  subject,  as  it  throws  light  upon 
many  similar  operations  constantly  progressing.  In  point  of 
size,  the  grains  of  the  sandy  guano  vary  from  that  of  frag- 
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ments  of  bone  and  vertebra  to  minutely-divided  processes, 
in  which  infusoria  shells  abound  mixed  with  the  seeds  of 
grasses.  The  first  stage  of  the  change  into  rock  is  the  aggre- 
gation of  these  grains  to  form  a  kind  of  sandstone,  in  which 
the  individual  particles  are  seen,  and  this  aggregation  may 
take  place  in  the  beds.  In  the  guano  rock  this  individuality 
is  entirely  lost  to  the  eye,  which  detects  nothing  in  the  close- 
grained  and  compact  banded  mass,  to  indicate  its  origin. 
Mineralogically  these  bodies  are  diverse,  and  some  specimens, 
containing  converted  shells,  are  puzzling  problems  to  be  solved 
with  the  knowledge  already  obtained. 

Bock  guano,  wherever  it  has  been  observed,  with  one  ex- 
ception, occupies  the  highest  part  of  the  island  surface,  or 
covers  the  arenaceous  form ;  we  cannot,  therefore,  explain  its 
aggregation  by  the  usual  effect  of  infiltration  of  earthy  salts 
dissolved,  but  must  give  great  weight  to  local  phenomena  of 
evaporation.  The  small  islands  on  which  it  is  found  are 
swept  by  the  constant  currents  of  the  trade-wind,  and  the  eva- 
poration of  water  from  their  surfaces  exceeds  in  amount  that 
received  as  rains  ;  it  being  well  known  that  none  but  saline 
water  is  found  in  the  soil.  When  water  holding  saline  matter 
in  solution  evaporates  from  the  surface  of  the  earth,  pure 
water  arises  in  vapour,  while  saline  compounds  remain  at  or 
near  the  surface.  In  accordance  with  this  law,  the  solution 
formed  by  rains  permeating  a  bed  of  decomposing  bone  re- 
mains of  bird  droppings,  rises  to  the  surface  of  the  bed,  and 
then  becomes  concentrated.  Any  acid  ingredient  would  act  on 
the  grains  it  wets,  while  suspended  matters  would  fill  the  inter- 
stices ;  and  so  long  as  capillarity  existed,  finely-divided  and 
saline  parts  would  thus  increase  at  or  near  the  surface,  and  be 
deposited  in  the  porous  portions,  gradually  filling  the  pores, 
and  consolidating  into  mass  the  granular  remains.  Doubtless 
while  one  part  of  this  process  was  proceeding,  rains  carried 
down  a  part,  which  subsequently  was  raised  anew,  until  finally 
the  surface  rock,  no  longer  pervious  to  rain,  became  cemented 
into  the  compact  state  it  now  presents  by  the  conjoined  forces 
acting.  The  exceptional  case  referred  to,  when  remarking  on 
the  relative  positions  of  the  compact  and  sandy  guanos,  is  that 
of  the  new  discovery  of  the  trachyte-like  form  of  guano  rock. 
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So  far  as  can  be  judged  from  the  chemical  composition  of  this 
rocky  which  is  hydrous,  and  its  mineralogical  characters  and 
positions,  it  was  originally  formed  in  the  way  described  abore, 
when  its  place  was  the  upper  surface  of  the  island.    But  its 
iron  and  manganese  constituents,  the  existence  of  crystalline 
phosphates,  as  well  as  the  silicate  of  alumina  and  iron,  in  the 
form  of  clay  from  volcanic  rocks,  lead  to  the  opinion  that  it  has 
been  long  submerged  below  the  waters  of  the  ocean,  and  there 
gained  its  close  resemblance  in  its  larger  features  to  trachytes 
and  basalts. 

As  the  materials  of  the  minerals  here  described  have  been 
at  one  time  organized,  and  may  now  be  considered  strictly  mi* 
neralized,  the  specimens  present  fine  illustrations  of  the  im- 
portant action  of  minor  chemical  forces  in  changing  the  phy- 
sical conditions  of  matter,  by  which  the  bones,  once  the  food 
of  fowls,  have  become  converted  into  rock.  On  the  other 
hand,  we  find,  in  the  products  of  the  decomposition  of  bones 
added  to  sea- water,  the  phosphoric  and  organic  salts  of  lime 
essential  to  the  continuance  and  multiplication  of  animal  life 
there  in  its  various  exhibitions. 


On  the  Chemical  Composition  of  some  Norwegian  Minerals. 
By  David  Forbes,  F.G.S.,  A.I.C.E.,  F.C.S.    Part  III. 

yfl.—Orthite. 

This  mineral  is  of  very  frequent  occurrence  in  the  granite 
veins  which  traverse  the  metamorphic  schists  of  the  south-west 
coast  of  Norway. 

It  is  so  constantly  present  in  one  variety  of  granite,  that  its 
appearance  may  be  regarded  as  characteristic  of  this  rock, 
which,  when  Orthite  is  associated  with  it,  appears  to  be  a  com- 
pound consisting  of  quartz,  mica,  and  two  feldspars,  apparently 
orthoklase,  with  a  much  smaller  proportion  of  oligoklase.  As 
far  as  my  investigations  have  extended,  Orthite  does  not  appear 
to  occur  in  the  other  varieties  of  granite. 

The  crystals  of  orthite  are  almost  invariably  surrounded  by 
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a  pecoUar  radial  derelopment  of  fine  lines  rnnaing  into  tbe 
matrix,  whether  this  be  quartz  or  feldspar. 

The  annexed  woodcnt  shows  this  appear* 
anoe,  which  ia  as  peculiar  aa  it  is  difficult  of 
explanation. 

The  lines  themselves  are  true  cracks,  and 
appear  to  increase  in  length  and  general  de- 
velopment with  the  size  of  the  crystal  from 
which  they  radiate  ;  bo  that  in  some  of  the 
largest  crystals  of  orthite,  which  occssioDally  are  found  so 
large  as  to  weigh  several  pounds,  these  cracks  may  extend  ai 
far  as  several  feet  from  the  crystal.     They  are  rarely  if  ever 
altogether  absent,  even  when  the  crystals  of  orthite  are  very 
minute.* 

The  orthite  here  analysed  is  from  a  granite  vein  at  tbe 
Naes  Grube,  about  ten  English  miles  east  of  Arendal,  and  was 
surrounded  by  dark-red  orthoklase. 

It  was  bat  very  indistinctly  crystallized,  and  had  only  traces 
of  cleavage  planes.  The  fracture  was  snbconchoidal,  and  hard- 
ness =6. 

Colour  greenish-black ;  streak  greenish-gray ;  opaque,  with 
a  faint  resiuons  lustre. 

The  specific  gravity  of  two  pieces  taken  at  60°  Fahrenheit, 
was  fonnd  to  be  respectively  2-86  and  2'dS. 

Before  the  blow-pipe  oa  charcoal  it  swells,  becomes  brownish- 
yellow,  and  fuses  to  a  black  glass ;  with  borax  in  the  oxi- 
dating flame  it  dissolves  to  a  reddish-yellow  glass,  which,  on 
cooling,  assumes  a  faint  yellow  colour.  In  tbe  reducing  flame 
tiie  glass  shows  the  same  colour,  but  with  a  faint  greenish 
tinge. 

With  phosphate  of  soda  and  ammonia  it  leaves  a  skeleton 
of  silica,  and  in  the  reducing  flame  afibrds  a  glass,  which  when 
warm  is  green,  but  colourless  on  cooling.    In  tbe  oxidating 

*  I  hsTB  Boticsd  thmt  thb  ndlml  daralopraant  oeenn  »1m  wIUi  fame  othsr 
nlimm]*  aMoeiBtad  in  thi«  Branile,  «■  OwloUnitci,  MmUkon,  Tkcbjaplwltits,  Al- 
Tit«,  Tyritc,  Tttonpftth,  Oerrtadite.  Alto  in  tb«  following  mintnl*  poeuliw 
to  the  Zircon  lyenita  of  Brevlg,  u  TboriU,  Tritomite,  Onngita,  uid  ■  siTCon- 
like  miiier«I  not  jet  analjHd.  It,  bowaver,  iq>peen  to  b«  mo«t  parUenlarlj 
charecterlitic  of  Orthite. 
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flame  the  glasa  is  brownish-yellow  when  warm,  and  colourless 
when  cold;  affords  indications  of  manganese  when  treated 
with  soda ;  heated  in  a  tube  it  swells  up,  evolyes  water,  and 
becomes  lighter  in  colour.  It  is  completely  decomposed  hj 
hydrochloric  acid,  and  gelatinizes ;  the  solution  affoida  traces 
of  metals  precipitable  by  sulphuretted  hydrogen. 

A  preliminary  analysis  of  this  orthite  was  published  by  me 
in  a  paper  in  the  Norse  Magazin  for  Naturyidenskabemey* 
some  years  back — the  results  tabulated  as  follows : 


Silica, 

31-03 

Alumina, 

0-29 

Glucina, 

3-71 

Sesquioxide  of  iron,    . 

22-98 

^         of  cerium, 

7-24 

R'olmiiiK  «C  balkaiuim  with  didymium, 

4-35 

Tttria, 

#  • 

• 

1-02 

liime,              •             • 

• 

• 

•-a» 

Water, 

. 

• 

12-24 

Alkali  and  loss, 

• 

• 

1-75 

100-00 

The  alkalies,  magnesia,  and  oxides  of  copper  and  manga- 
nese present  were  not  determined. 

Very  shortly  afterwards  an  analysis  of  precisely  the  same 
orthitet  was  published  by  H.  Strecker,  with  the  following 
results.} 

Silica,  ....         31-85 


Alumina, 

10-28 

Protoxide  of  iroxr. 

19-27 

at       of  cerium^ 

12-76 

Lime^              •            .             .             , 

9-12 

Magnesia,       •            .             .             , 

1-86 

Oxide  of  copper, 

0-54 

Water  and  carbonic  acid, 

13-37 

9906 
In  my  analysis  the  cerium  and  iron  existing  in  the  orthite 
are  tabulated  as  sesquioxides,  whereas  in  the  other  they  are 

*  Mineralogiske  lagttagelser  omkring  Arendal  og  Erageroe  af  D.  Forbes  og 
T.  DahU,  in  Nyt  Magazin  for  I^aturvidenskabeme,  vol.  riit  part  3.     1854. 
t  Taken  simultaneoasly  at  Naes  Grnbe  from  same  mass  of  orthite. 
}  Gbristiaiila  Unirersitets  Programme  for  1864. 
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calculated  as  protoxides.  It  is  most  probable  that  both  pro- 
toxides and  sesquioxides  are  present ;  and  the  fact  that  chlorine, 
is  not  evolved  when  the  orthite  is  dissolved  in  hydrochloric  acid, 
is  not  sufficient  to  decide  that  the  cerium  present  is  in  the 
state  of  protoxide ;  for  if  the  iron  in  the  mineral  existed  as 
protoxide,  as  the  greater  part  assuredly  is^  the  chlorine  elimi- 
nated by  the  action  of  the  hydrochloric  acid  on  the  sesqui- 
oxide  of  cerium  would  not  be  evolved,  but  at  once  be  converted 
into  hydrochloric  acid,  with  peroxidation  of  the  protoxide  of 
iron. 

Rammelsberg  has  shown  that  in  the  orthite  of  Hitteroe  the 
oxide  of  iron  present  is  a  compound  of  the  protoxide  and  ses- 
quioxide  in  nearly  equal  amounts.  He,  in  conjunction  with 
nearly  all  the  chemists,  look  upon  the  cerium  as  present  as 
protoxide,  which,  if  accepted,  must  cause  the  foregoing  analy- 
sis to  be  corrected  as  to  amount  of  oxygen. 

Since  the  publication  of  the  above  analysis,  I  have  again 
examined  this  orthite,  and  am  now  enabled  to  bring  forward 
results  which  I  believe  to  be  still  more  accurate ;  but  it  was 
not  considered  that  the  present  methods  for  separating  com- 
pounds likely  to  contain  protoxides  and  sesquioxides,  both  of 
cerium  and  iron,  were  sufficiently  correct  to  enable  the  re- 
spective state  of  oxidation  of  these  oxides  to  be  determined 
with  accuracy,  and  therefore  they  are  noted  in  the  results  as 
protoxides,  although  there  is  much  reason  to  suppose  that 
some  sesquioxide  is  present. 

The  analysis  was  conducted  as  follows : — A  weighed  amount 
was  decomposed  by  hydrochloric  acid,  and,  after  adding  a  little 
nitric  acid,  the  whole  was  evaporated  to  dryness,  and  then  re- 
dissolved  in  water  containing  some  hydrochloric  acid.  The 
silica  thus  left  insoluble  was  collected  and  determined.*  Its 
purity  was  ascertained  by  solution  in  hydrofluoric  acid  and 
evaporation. 

The  solution  was  now  neutralized  by  ammonia,  and  preci- 
pitated by  oxalic  acid,  so  that  it  reacted,  now  slightly  acid. 
This  precipitate  was  filtered  off  after  standing  twenty-four 
hours,  and  collected;  then  ignited  and  dissolved  in  hydro- 
chloric acid,  precipitated  by  ammonia  and  filtered.  The  filtrate 
now  contained  the  lime  which  was  precipitated  as  oxalate,  and 

h2 
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determined  as  carbonate,  after  ignition,  with  the  usual  pre-^ 
cautions. 

The  precipitate  by  ammonia  now  contained  the  cerium, 
yttria,  and  oxides  of  lanthanum  and  didjmium.  The  yttria 
was  separated  from  the  other  oxides  by  dissolving  them  in  a 
little  dilute  sulphuric  acid,  and  treating  the  solution  by  a  con- 
centrated solution  of  sulphate  of  potash  ;  it  was  then  preci- 
pitated from  the  filtrate  of  potash,  washed  well,  redissolved  in 
hydrochloric  acid,  reprecipitated  by  ammonia,  and  determined. 
The  cerium  compound  precipitate  was  dissolred  in  water,  aci- 
dulated with  hydrochloric  acid,  and  precipitated  by  ammonia, 
well  washed,  ignited,  moistened  with  some  nitric  acid,  again 
ignited,  and  then  boiled  in  a  solution  of  chloride  of  ammonium, 
which  dissolved  the  protoxide  of  lanthanum,  and  probably 
some  didymium,  leaving  the  sesquioxide  of  cerium  insoluble, 
and,  from  its  brown  colour,  evidently  containing  didymium. 
These  were  both  determined  as  usual*  the  oxide  of  lanthanum 
being  precipitated  by  ammonia. 

The  original  solution  from  which  the  oxalates  had  been 
separated  was  now  precipitated  by  hydrosulphide  of  ammo- 
nium, and  collected,  then  redissolved  in  nitro-hydrochloric 
acid,  and  precipitated  by  ammonia.  This  precipitate,  which 
now  contained  sesquioxide  of  iron,  alumina,  and  glucina,  was 
treated  whilst  moist  with  a  solution  of  carbonate  of  ammonia, 
which  dissolves  the  glucina,  which  was  then  separated  by  fil- 
tration, and  determined. 

f*:  The  alumina  was  then  separated  by  boiling  in  potash,  and 
both  it  and  the  iron  determined  as  usual. 

Another  portion  of  the  mineral  was  employed  to  determine 
the  amount  of  oxide  of  copper  present  It  was  dissolved  in 
hydrochloric  acid,  filtered,  and  sulphuretted  hydrogen  passed 
through  it ;  only  a  minute  amount  of  sulphuret  of  copper  was 
found,  which  was  neglected ;  and  it  appeared  that  the  presence 
of  copper  was  due  to  some  particles  of  cojq>er  pyrites  mecha- 
nically entangled  in  the  orthite,  so  that  in  the  specimen  here 
analysed,  which  was  carefully  selected,  then  broken  up  and 
carefully  picked,  only  a  trace  was  found. 
.  A  third  portion  of  the  orthite  was  reserved  for  determining 
the  alkalies  and  magnesia,  also  to  verify  the  lime  determination. 
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This  was  decomposed  by  hydrochloric  acid,  some  nitric  acid 
added,  evaporated  to  dryness,  redissolved  in  water*  acidulated 
with  hydrochloric  acid,  and  precipitated  by  ammonia  in  ex- 
cess, filtered,  washed,  and  the  filtrate*  precipitated  by.  oxalate 
of  ammonia,  and  the  lime  determined  as  carbonate,  after  igni- 
tion with  some  carbonate  of  ammonia :  it  was  found  to  con- 
tain a  little  oxide  of  manganese,  which  was  separated  by  dilute 
acetic  acid,  and  estimated,  its  weight  being  subsequently  de- 
ducted from  that  of  the  carbonate  of  lime* 

The  solution,  after  separating  the  lime,  was  evaporated  to 
dryness  in  a  platinum  capsule,  and  ignited,  to  drive  off  all 
ammoniacal  salts,  after  which  the  residual  alkaline  and  mag- 
nesian  chlorides  were  weighed,  and  jfhen  redissolved  in  water, 
and  the  magnesia  separated  by  caustic  barytes ;  the  filtrate 
was  acidified  by  sulphuric  acid,  and  the  resulting  sulphate  of 
baryta  separated  by  filtration:  the  alkalies  were  then  esti- 
mated as  sulphates,  after  evaporation  to  dryness,  and  heating. 

The  relative  amounts  of  potash  and  soda  were  estimated  in- 
directly by  determining  the  amount  of  sulphuric  acid  contained 
in  the  mixed  sulphates,  and  calculating  therefrom.  By  sub- 
sequently calculating  the  amount  of  chlorides  equivalent  to 
the  potash  and  soda  thus  found,  and  deducting  this  from  the 
total  weight  of  the  mixed  chlorides  the  amount  of  chloride  of 
magnesium  was  obtained  from  which  the  magnesia  was  caku^ 
lated. 

The  water  contained  in  the  mineral  was  determined  from 
the  loss  sustained  in  heating  a  known  weight  of  the  purest 
orthiie  for  some  time.  No  carbonic  acid  was  detected  when 
perfectly  unweathered  fragments  of  orthite  were  examined. 

The  obtained  amounts  were  as  foUo^B :  23*46  gr.  aflbrded — 
water  2-87  gr.,  7-28  gr.  silica,  0-87  gr.  glucina,  5-39  gr.  sesqui- 
oxide  of  iron,  2*18  gr.  alumina,  1'69  gr.  of  sesquioxide  of  ceriumr 
2-68  gr.  carbonate  of  lime,  0*24  gr.  yttria,  1*34  gr.  oxide  of 
lanthanum.  60*35  gr.  afforded  6*02  gr.  carbonate  of  lime, 
Containing  004  gr.  oxide  of  manganese,  also  3*71  gr.  alka- 
line and  magnesian  chlorides,  from  which  1*49  gr.  alkaline 

*  The  filtrate,  after  having  been  acidified  by  hydrochloric  acid,  was  now 
tested  by  salphuretted  hydrogen  for  copper,  but  only  gare  a  very  faint  trace  ; 
it  was,  therefore,  again  neutralised  by  ammonia. 
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Bulphates  were  obtained,  which  subsequently  produced  2*54 
gr.  sulphate  of  baryta. 

From  these  data  the  following  percentage  composition  was 
deduced. 


Silica, 

t             • 

81*03 

Alumina, 

•             • 

9-29 

Glucina, 

•             t 

3-71 

Protoxide  oi 

'  iron, 

20-68 

i> 

manganese, 

0-07 

cerium. 

6-74 

lanthanum, 

4-36 

91 

copper. 

trace. 

Yttria, 

102 

Lime, 

6-68 

Magnesia, 

206 

Potash, 

0-90 

Soda, 

0-66 

Water, 

12-24 

Oxygen. 

16-42 

4-611 
2-34  J 
4-59\ 
001 

0-97 
0-63 


6-85 


9*43 


16-28 


0-22 
1-90 
0-82 
0-16 
014; 
10-88 


99-33 


It  is  worthy  of  remark,  that  this  orthite  which  contains  so 
large  an  amount  of  water  does  not  present  any  appearances 
which  would  have  been  produced  had  the  water  been  subse- 
quently introduced  by  infiltration ;  it  is  hard,  and  possesses  a 
clear  and  brilliant  fracture,  and  shows  no  signs  of  alteration 
from  weathering  or  otherwise ;  it  must  therefore  be  supposed 
that  the  water  here  present  is  due  to  the  chemical  constitution 
of  the  mineral,  and  not  that  it  is  an  allanite  (or  anhydrous 
orthite)  altered  subsequently.  The  formula  deduced  from  the 
above  analysis  is 

3  RO  Si  0,  +  2  RjjO,  Si  O,  +  10  HO. 

or  otherwise  expressed, 

(f  R+  f  ff)  Si+  2  HO. 

which  upon  calculation  will  yield  the  following   percentage 
composition. 

*  Probably  both  these  oxides  contain  more  or  less  didymitun,  which  how- 
ever will  probably  be  in  greater  part  associated  wit))  the  cerium  frQm  tht 
method  employed  in  the  aniU^is* 
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SiUea,         ....  80-49 

Alumina,  (&c.)    .         .         .  13*82 

Protoxide  of  irony  (&c.)         .  43*55 

Water,       ....  12-14 


10-000 


YU.—Calc%te. 

Crystals  of  calcite  from  Gamle  Mjurfjser  Iron-mine,  at 
Naesklil  near  ArendaU  were  fonnd  lining  fissures  in  a  granite 
vein  which  cuts  through  the  vein  of  magnetic  iron  ore. 

As  the  crystals  had  a  very  peculiar  rather  dark  brown 
colour,  they  were  thought  worthy  of  examination.  They 
were  well  defined  and  often  large  crystals,  being  scaleno- 
hedrons,  and  possessed  a  specific  gravity  of  2*75  at  60^ 
Fahrenheit. 

They  were  analysed  by  the  ordinary  methods,  and  a  sepa* 
rate  portion  was  examined  by  means  of  molybdate  of  ammo- 
tiia  for  phosphoric  acid,  which  was  found  present  in  small 
amount  hardly  sufficient  for  quantitative  estimation.  Mag- 
nesia was  sought  for,  but  no  trace  was  found  present.  The 
results  obtained,  when  tabulated,  give  the  following  percent- 
agl9  ^compositions : — 


Carbonate  of  lime, 

98-39 

„           iron, 

0-79 

„          manganese. 

0-23 

Alumina,     . 

0-38 

Phosphoric  acid. 

trace. 

Insoluble,   .         .         .        , 

0-21 

100-00 


The  crystals,  therefore,  notwithstanding  their  dark  brown 
colour^  contained  but  a  much  smaller  amount  of  iron  and 
msngftnese  than  might  have  been  expected. 
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On  Inseetr  Virion  and  Blind  InseetB-   By  Andrew  MuaBAT, 

Edinburgh* 

By  far  the  greater  majority  of  insects  are  bom  blind — ^not 
blind  like  a  litter  of  pups,  because  they  cannot  see — ^but  blind 
because  they  have  got  no  eyes  to  see  with.  Almost  the  whole 
of  the  Hymenoptera  and  Diptera»  and  two-thirds  of  the  Co- 
leoptera,  are  in  this  predicament.  In  fact,  all  those  species 
which  pass  their  larval  state  in  darkness  are  thus  unpro- 
vided. To  what  purpose  would  it  be,  for  instance,  to  fur- 
nish the  larva  of  the  bee  with  eyes.  It  passes  its  larval 
life  in  a  dark  cell,  where  it  is  nourished  without  trouble  or 
exertion  of  its  own ;  all  it  has  to  do  is  to  open  its  mouth  to 
receive  the  food  which  its  kind  nurses  place  in  it.t  Or 
what  purpose  would  eyes  serve  to  the  nut  beetle  (BcUanimu 
nucum\  which  wakens  to  existence  in  the  interior  of  a  hazel 
nut,  where  its  parent  had  deposited  the  egg.  Its  food  is 
beside  it  It  has  only  to  eat ;  and  by  the  time  it  has  finished 
the  kernel  its  larval  life  is  finished  too,  and  it  passes  into  the 
chrysalid  state.  Eyes,  therefore,  to  these,  and  such  as  these, 
would  be  useless,  and  they  are  dispensed  with  at  that  period 
of  their  existence.  On  the  other  hand,  those  caterpillars  which 
have  to  seek  their  food  in  the  light  of  day,  as  the  larv»  of 
Lepidoptera  and  of  the  predaceous  beetles,  are  provided  with 
eyes,  but  they  are  not  eyes  like  the  compound  eyes  of  the 
perfect  insect ;  they  are  minute  specks,  termed  ocelli,  and  are 
placed  in  varying  numbers  and  varying  positions  on  each  side 
of  the  head.  These  are  the  eyes  which  we  find  in  the  spider, 
and  in  some  crustaceans ;  and  sometimes  insects  in  the  perfect 
state  are  provided  with  two  or  three  of  them  in  addition  to 

*  Read  before  the  Royal  Society  of  Edlnbiirgh,  April  6, 1857. 

t  The  larra  of  the  bee  haa  a  minate  conical  tubereule  on  each  sidie  of  tha 
head,  which  was  sappoted  by  Swammerdan  and  Walkemaer  to  be  the  mdlf- 
mental  eyea  of  the  perfect  inaect ',  and  MuUer  (probably  on  their  authority) 
ttatea  it  broadly,  that  «  the  ]ary»  of  Hymenoptera  are  for  the  most  part  deati- 
tute  of  eyei,  but  the  larvas  of  bees  have  two  simply  eyes"  (MiiUer*s  Pkf^ 
riolo^,  vol.  1.,  p.  115);  but  Mr  Westwood  correctly  points  out  that  these 
tuberoules  must  rather  represent  the  antennas,  as  they  appear  to  be  arti- 
culated near  the  base  and  the  tip  (VTestwood's  JntroefitcM'en  to  Ei^fmology, 
▼ol.  ii.,  p.  25),  and  therefore  the  bees  form  no  exception  to  the  general  rule 
found  in  the  Hymenoptera. 
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their  compound  eyes.    The  etracture  of  these  simple  eyes,  or 
ocelli,  seems  to  be  somevhat  Tarioos.    In  Hie  eye  of  the  8al- 
tieiu  teneut  (one  of  those  spiders  which  hare  the  singolar  pro- 
perty of  running  b&ckwards  or  forwards,  or  in  any  direction, 
without  turning)  we  find  a  nearly  spherical  lens,  covered  by 
or  passing  into  the  chitonoas  straoture  of  the  integument,  be- 
hind which  are  fonnd  the  ends  of  the  nerres,  with  a  black  pig- 
ment or  choroid  passing  round  them,  terminating  behind  ib 
the  retina.     The  eye  of  the  scorpion  is  somewhat  different. 
In  it  we  haye  a  spherical  leas  behind  the  cornea,  ot  integu- 
ment, behind  it  a  lenticular  vitreous  p[    2. 
body,  lying  in  the  oup-shaped  retina, 
and  the  black  pigment  or  choroid  snr> 
rounding  the  lene.    The  optic  nerve 
which  supplies  these  simple  eyea  runs 
from  the  cephalic  ganglion  in  a  bundle 
or  united  mass  of  filaments  for  a  cer- 
tain distance,  and  then  breaks  up  into 
a  separate  nerve  or  filament  for  each 
simple  eye,  as  exhibited  in  figure  1, 
which  shows  the  nerves  of  the  head  of 

the  larva  of  Dytiseut  marginalia.*  In  the  caterpillar  without 
eyes  no  nerve  or  filament  given  off  from  the  cephalic  gan- 
glion towards  the  place  where  the  eye  should  be.  It  will  only  be 
developed  from  it  when  it  is  required ;  and  it  would  appear  that 
in  one  particular  anomalous  group  the  optic  nerve  most  foe  at 
one  time  developed,  afterwards  lost,  and  finally  restored.  Ench- 
Boa,  in  his  last  work,  "  Naturgeschioht  der  Insecten  Deutsob- 
laud,"  vol.  iii.,  records  the  observation,  that  in  the  Ceramby- 
cidn  the  larva  in  its  youngest  state  possesses  eyes,  but  loses 
them  as  it  becomes  older,  and  after  passing  through  the  chry- 
salid  state  acquires  perfect  compound  eyes ;  thus  apparently 
contradicting  the  statement  made  by  Blanchard  ("  Annales  dea 
Sciences  Naturelles,"  1846,  p.  283),  that  the  organs  of  in- 
sects do  not  modify  themselves  sensibly  during  the  life  of 
the  larva,  but  only  grow.  What  the  reason  of  this  strange 
anomaly  may  be  it  is  difficult  to  say ;  possibly — (the  Ceramby- 
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cidad  being  wood-feeders) — that  the  eggs  are  laid  on  the  bark, 
outside  of  the  tree,  and  the  young  larva  may  have  need  of 
eyes  till  it  has  eaten  its  way  into  its  heart,  when  of  course 
they  would  cease  to  be  useful,  and  might  be  dispensed  with. 

After  the  larva  (whether  eyeless  or  not)  has  passed  into  the 
chrysalis  and  undergone  the  mysterious  change  which  then  takes 
place,  it  emerges  (except  in  a  few  rare  cases  to  be  presently 
noticed)  well  provided  with  compound  eyes.  What  the  change 
is  which  then  takes  place,  or  how  it  is  effected,  we  only  know 
imperfectly.  The  best  observations  on  the  subject  are  those 
of  the  late  Dr  Newport,  in  his  paper  on  the  "Nervous  System  of 
the  Sphinx  Ligustri,**  published  in  the  London  Philosophical 
Transactions  for  1834.  In  the  larva  of  the  Sphinx  Liguutri 
he  found  that  the  optic  nerves  were  only  two  diminutive 
trunks  extending  from  the  sides  of  the  cerebral  ganglia,  and 
dividing  each  into  eight  filaments,  given  to  the  eight  minute 
eyes  on  each  side  of  the  head.  *^  At  the  period  of  changing 
to  the  pupa  state,"  he  says,  "  there  is  a  deposit  of  dark  pig- 
ment very  slightly  organized  at  the  base  of  each  nerve.  As 
the  changes  of  the  insect  advance,  the  optic  nerves  gradually 
enlarge  at  their  base ;  and,  when  this  enlargement  has  gone 
on  to  a  considerable  extent,  the  dark  pigment  is  carried  for* 
ward  from  the  base  of  the  nerves,  and  exhibits  a  corrugated 
appearance  around  its  interior  margin.  When  the  changes 
have  farther  advanced,  the  optic  nerves  are  extended  of  a  pear- 
like form,  from  the  sides  of  the  cerebral  ganglia,  which  they 
then  equal  in  diameter.  The  enlargement  of  the  nerves  seems 
to  be  occasioned  by  the  shortening  of  the  cords  which  connect 
the  cerebral^with  the  subcesophageal  ganglia  and  the  extension 
forwards  of  the  nervous  substance  of  the  cords  within  the  in- 
vesting theca,  the  effect  of  which  is,  not  to  enlarge  the  cere- 
bral ganglia  in  a  corresponding  degree,  but  to  develop  the 
optic  nerves  by  the  gradual  extension  and  expansion  of  the 
nervous  substance  within  them  in  the  form  of  successive  series 
of  purse-like  layers  of  fibres  one  within  the  other. 

"  When  the  outer  layer  has  arrived  at  its  maximum  of  ex- 
tension, it  seems  to  become  perforated  at  a  point  correspond- 
ing to  the  central  part  of  the  membrane,  which  is  carried 
forward  to  become  the  choroid.    The  next  layer  advanceSi 
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and  tben  the  next  in  BDCcession  from  witiiin  outward,  eo  that 
the  central  part  of  the  nerve  is  the  last  part  deTeloped.  The 
fibres  of  ea«h  Beries,  from  being  bent  like  the  segment  of  an 
arc,  gradnallj  assnme  a  more  lineal  direction,  and  diverging 
from  the  axis  of  the  eye,  the  whole  nerve,  when  completed, 
forms  a  series  of  flattened  pear-shaped  cones,  one  within  the 
other,  the  apicei  of  whieh  constitute  the  base  or  origin  of  the 
nerve  next  the  cerebral  ganglia." 

This  is  the  process  which  was  observed  by  Newport  in  the 
cHee  of  a  larva  possessing  simple  eyes,  and  from  it  we  can 
form  an  ides  how  the  process  is  conducted  in  the  larva  which 
has  no  eyes  at  all,  although  observation  of  their  changes  has 
not  yet  been  extended  to  them. 

The  appearance  of  the  nerve  in  the  perfect  insect  is  shown 
in  the  following  figure  of  the  nerves  of  the  Creophilua  maX' 
illotus ;  and  it  will  be  observed  that  it  is  pjg_  2.« 

now  one  solid  large  compacted  nerve, 
applied   to  the  back   part  of  the  eye. 
There  is,  however,  one  curious  exception 
to  this  Btate  of  it  in  the  perfect  insect. 
Many  insects  pass  their  lives  in  dark 
and  secluded  places,  avoiding  the  light ; 
as,  for  instance,  the  Blapsidct,   Tene- 
brionidce,  and  one  or  two  species  of  other 
families  (PrUtonychus  elegant,  Dej.,  P. 
elongatus,  Dej.,  Homolata  spelea,  Erich.,  &c.)  which  are  found 
pretty  far  in  in  the  caves  of  Carniola,  though  not  so  far  as  the 
eyeless  insects  of  which  I  shall  presently  speak.  Now,  in  these 
the  eyes  are  not  only  very  small,  but  also  very  slightly  raised 
above    the   snrrounding    surface,    in  marked  contradistinc- 
tion  to  those  species  which  affect  the  glaring  and  brightest 
sunlight,  as  the  Cioindelidfe,  which  have  the  eyes  excefisively 
prominent ;  and  on  examining  the  optic  nerves  in  these  luci- 
fngouB  species,  we  find  that  it  is  not  a  solid  compacted  nerve, 
but  that  it  is  like  the  nerve  leading  to  the  simple  eyes  In  the 
larva, — solid  at  the  base,  but  afterwards  broken  np  into  a  num- 
ber of  separate  filaments, — as  shown  in  this  figure  of  the  optic 
nerves  of  the  perfect  Blaps  morlisaga,  or  churchyard  beetle. 

*  Copied  from  Blftnchard,  lot.  tit. 
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The  effbct  (^  this  must  undoabtedly  b«  to  diminish  the  visioa  of 
the  insect ;  though  why  it  should  be  diminished  because  the 
animal  lives  in  dark  places,  does  ^Mi-  3.* 

sot  at  first  eight  very  well  appear. 
It  vould  rather  appear  to  us  that  it 
had  need  of  a  larger  eye  than  of  a 
smaller  one>  to  make  up  for  the  loss 
of  light.  If  the  animal  were  to  live 
in  total  darkness,  wecan  understand 
why  eyes  should  be  dispensed  with 
altogether ;  but,  if  eyes  are  neces- 
sary for  it  at  all,  would  we  not  say 

that  the  greater  the  darkness  the  greater  the  power  of  the  eye 
should  be.  Such  wodld  appear  to  be  the  inference  which  any  an< 
alogies  we  can  draw  from  the  vertebrate  kingdom  would  present. 
There  the  eye  is  enlarged,  and  endowed  with  greater  power, 
when  the  animal  has  to  pass  its  active  hours  in  the  dark.  The 
owl,  the  tiger,  and  its  congeners,  are  familiar  instances.  To  be 
sure  we  have  the  mole,  which  may  be  cited  as  an  example  in  the 
opposed  sense ;  but  it  is  scarcely  a  fair  example,  inasmuch  as  its 
manner  of  life  necessarily  requires  the  complete  protection  of 
the  eye,  and  we  do  not  know  to  what  extent  it  is  gifted  with 
the  sense  of  sight,  its  eyes  being  sapplied  by  the  fiflh  pur 
of  nerves  instead  of  the  optic  nerves.  The  explanation  which 
I  am  disposed  to  give  of  the  peculiarity  in  this  class  of  insects 
is,  that  the  sense  of  sight  is  not  less  acute  in  the  one  than  the 
other  insect,  but  merely  more  limited.  Each  filament  of  the 
optic  nerve  will  doubtless  perform  its  duty  as  well  when  sepa- 
rate as  when  tied  up  in  a  bundle ;  and  what  the  churchyard 
beetle  does  see  it  will  see  as  well  as  another,  only  its  points  of 
sight  are  circumscribed;  for  what  use  to  it  would  «n  extended 
field  of  vision  be  where  the  whole  prospect  is  mere  obscurity. 
I  therefore  look  upon  the  small  and  flattened  eye,  supplied 
with  few  nerves,  of  these  twilight  insects  less  as  a  provision  or 
adaptation  to  the  place  and  mode  of  life  of  the  insects  (though 
it  may  be  that  too),  than  aB  an  instance  of  natore's  aversion 
to  anything  like  waste  or  unnecesaary  work. 

The  structure  of  the  compound  eyes  themselves  with  which  the 
insect  in  the  perfect  state  has  now  become  provided,  seema 

*  Copied  tVom  BUnchard,  Itc.  tit. 
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wholly  different  from  tkat  of  the  simple  eye,  or  ocellus,  which  I 
haye  already  described.    Viewed  externally  they  seem  divided 
into  an  immense  nnm^er  of  facets,  of  greater  or  less  size,  in  dif- 
ferent insects,  and  of  greater  or  less  size  in  different  parts  of  the 
same  eye.  These  facets  are  not  entirely  hexagonal,  as  is  gene- 
rally  supposed  (or  rather  taken  for  granted),  but  are  of  various 
forms,  apparently  assuming  whatever  form  the  position  of  the 
neighbouring  facets,  combined  with  the  curve  of  the  eye,  impose 
upon  it,  being  hexagonal  in  some  parts,  pentagonal  or  quadran- 
gular in  others,  and  frequently  of  an  irregular  angular  form. 
The  prevailing  form  differs  in  different  insects, — ^being,  for  in- 
stance, oblong  or  square,  with  the  comers  very  slightly  filled  up 
or  cut  off,  in  the  dragon-fly;  hexagonal  in  the  butterfly;  and  so 
on.    These  facets  are  sometimes  so  small  as  to  be  scarcely  per- 
ceptible.   In  many  of  the  larger  Dynastidse  they  are  so  nf  inute 
as  to  make  the  globe  of  the  eye  appear  quite  smooth  and  ho- 
mogeneous; others  are  coarse  and  well  marked;  and  these 
variations  occur  to  such  an  extent,  and  are  so  ccmstant  in 
different  families,  that  they  have  been  successfully  used  by 
Professor  Lacordaire  in  his  monograph  of  the  Erotylidse  as 
generic  distinctions.    It  would  be  long  to  tell  of  the  different 
modifications  the  exterior  of  these  eyes  assumes;  how  some,  as 
the  common  hive-bee,  have  the  eyes  pilose,  the  hairs  being 
inserted  in  the  comers  between  each  facet  (acting  possibly  as 
eye-lashes,  or  rather  eye-protectors);  how  some,  as  in  the 
dragon-fly,  have  their  stmcture  deep,  while  others  are  shal- 
low; how  some  have  their  eyes  resplendent  with  golden  or 
silver  lustre,  while  others  are  opaque.    It  will  be  sufficient  to 
say,  that  these  faoets  are  numerous  in  all,  but  perfectly  sur- 
prising in  number  in  some,  varying  from  60  up  to  25,000. 

A  transverse  section  of  a  compound  eye  shows  that  it  is 
composed  of  transparent  cones,  each  terminating  in  one  of  the 
facets  of  which  I  have  been  speaking,  having  very  much  the 
appearance  of  a  multitude  of  telescopes,  pointed  outwards  in 
every  direction.  M.  Leydig,  however,  gives  a  better  view  than 
any  we  have  previously  had  of  the  intimate  stmcture  of  these 
telescopes,  in  his  recent  work  on  Histology,  from  which  I  have 
taken  the  following  figure  showing  two  of  the  eye-tubules  of 
the  eye  of  the  Proerustes  eoriaceus  highly  magnified.  The 
cornea  or  chitonous  integument  is  outermost;  in  it  can  be 
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traced  indicationsof  the  layers  of  the  chitonous  substance 
of  the  integument ;  behind  this  is  a  long  Fig.  6. 

tube  surrounded  with  pigment,  termi- 
nating in  the  retins^  behind  which,  again, 
lie  the  bundles  of  filaments  of  the  optic 
nerve ;  from  the  retina  proceeds  for- 
wards up  the  tube  a  ganglionic  struc-  Cones, 
ture,  having  two  ganglionic  enlarge- 
ments, and  inclosing  filaments  of  nerves. 
A  muscle  lies  on  each  side  of  it,  and  it 
ends  in  a  quadrangular  cone-shaped 
body,  having  its  base  applied  to  the 
facet,  and  its  apex  towards  the  interior 
of  the  eye.  At  first  sight  there  does 
not  appear  much  resemblance  between 
this  eye  and  the  human  eye ;  but  phy- 
siologists were  determined  to  find  ana- 
logies and  homologies,  and  of  course 
such  were  laid  down.  It  is  only  re- 
cently, however,  that  discoveries  have 
been  made  which  would  seem  to  furnish 
a  clue  to  the  true  homologies  of  the  eye  Retina, 
in  insects.  Hitherto  the  analogy  has 
always  been  attempted  to  be  drawn  be- 
tween the  entire  eye  of  the  vertebrata 
and  the  eye  tubules,  or  so-called  indi- 
vidual eye,  in  the  compound  eye  of  in- Optic  nerve, 
sects;  and  the  generally  received  opinion 
is  that  which  is  stated  by  Professor  Owen  in  his  *^  Comparative 
Anatomy  of  Invertebrate  Animals,"  (edition  1855)  ;  that  the 
conical  foody  was  the  equivalent  of  the  crystalline  lens  and 
vitreous  humours.  Dr  Carpenter  has  carried  the  attempt  to 
find  analogies  farther,  having  in  his  **'  Comparative  Physio- 
logy,"  (edition  1854,)  pointed  out  the  equivalents  of  the  iris 
and  the  aqueous  humour,  as  well  as  the  crystalline  lens.  The 
recent  microscopic  researches  of  various  eminent  physiologists 
give  us  reason  to  doubt  that  these  analogies  or  homologies  are 
founded  in  fact.  The  error  has  arisen  wholly  from  comparing 
each  of  these  small  portions  of  the  compound  eye  of  insects, 
with  the  entire  eye  in  the  vertebrate  animal.  If  instead  of  com^ 
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paring  a  portion  of  the  one  with  the  whole  of  the  other,  we  com- 
pare the  entire  compound  eye  with  the  entire  eye  of  the  verte- 
brata,  we  shall  at  once  see  that  the  analogies  so  long  drawn'must 
be  abandoned.  The  eye  of  the  vertebrate  animal  is  a  hollow 
globe,  with  only  one  small  aperture  for  the  admission  of  the 
yisual  rays;  and  as  not  merely  one  minute  point  exactly  opposite 
to  the  aperture  is  to  be  impressed  on  one  point  of  the  sensorium 
of  vision,  but  a  large  extent  of  view  on  every  side  is  to  be  im- 
pressed over  a  large  extent  of  sensorium,  special  optical  appara- 
tus apd  contrivances  are  required  for  this  purpose ; — ^we  have 
the  iris  to  regulate  the  admission  of  light,  the  crystalline  lens  to 
converge  the  visual  rays,  the  ciliary  ligaments  to  adjust  its 
focus,  the  vitreous  humours  to  disperse  the  rays,—  all  necessary 
(in  consequence  of  the  form  of  the  eye  to  which  I  have 
alluded)  to  produced  on  the  sensorium  the  correct  impression 
of  the  object  seen,  but  none  of  them,  as  I  understand  it, 
necessary  for  any  other  purpose  than  to  overcome  the  diffi- 
culties arising  from  the  cave-like  form  of  the  eye.  Had  the 
0ye  been  retroverted,  for  instance,— turned  inside  out  like  a 
I^OTe^ — ^the  sensorium  would  then  be  exposed  to  the  direct 
impression  of  the  visual  rays  all  round,  and  would  need  neither 
pupil  nor  iris,  crystalline  lens  nor  vitreous  humour.  It  is  not 
my  business  here  to  show  why  the  eye  is  better  as  it  is,  any 
more  than  it  is  to  show  in  what  respects  the  eye  of  the  verte- 
brata  is  superior  to  the  eye  of  the  insect.  It  is  sufficient  for 
my  purpose  to  show  that  the  above  inverted  position  of  the 
eye  corresponds  to  the  position  of  the  so-called  compound  eyes 
of  insects.  Looked  at  in  this  view,  we  must, — ^if  we  are  to 
seek  the  homologues  of  the  eyes  of  insects  in  the  eyes  of  the 
vertebrata, — ^put  aside  all  these  accidental  parts  (if  I  may  so  call 
ihem),  and  prosecute  our  search  in  the  parts  deeper  seated, 
and  forming  what  may  be  called  the  ultimate  portions  of  the 
eye ;  and  the  microscopic  researches  to  which  I  have  alluded 
have  revealed  a  structure  which  appears  at  last  to  give  us 
their  true  homologues.  Professor  Goodsir  brought  these  dis- 
coveries before  the  physiologists  of  Edinburgh  in  an  interest- 
ing lecture  which  he  gave  on  the  structure  of  the  retina  about 
two  years  ago  (and  of  which  an  abstract  will  be  found  in  the 
*' Edinburgh  Medical  Journal,"  Oct.  1855.  See  also  Free. 
Boyal  Soc.  in  present  number  of  this  Journal,  p.  156). 
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I  shall  not  occupy  the  time  of  the  reader  in  recapitulating 
these  discoyeries  further  than  simply  to  say,  that  what  used  to 
be  called  the  retina  has  been  proved  to  be  pig.  e. 

composed  of  several  layers,  which  have 
been  distinguished  as  the  bacillary  (fig.  6, 
a),  the  white  cellular,  in  three  strata  (b), 
the  grey  cellular  (e),  the  filamentary  (d), 
and  limitary  layers  («)•  reckoning  from 
behind  forwards.  These  structures  are 
shown  in  fig.  6. 

The  layer  which  interests  us  the  most 
is  the  bacillary,  which  is  composed  of  rods 
and  cones,  and  which  K5lliker  ascertained, 
by  process  of  exhaustion,  to  be  in  all  pro. 
bability  the  structure  on  which  objective 
light  first  impresses  itself* 

It  will  at  once  be  seen  that  there  is  a 
great  resemblance  between  the  bacillary 
layer,  containing  rods  and  cones,  and  the  conical-shi4Md 
bodies  arranged  behind  the  facet  of  the  eye  in  insects  (fig. 
5,  5).  The  arrangement  of  the  rest  of  the  structure  fur- 
nishes also  other  points  of  resemblance — ^the  prolonged  fila- 
ments in  the  white  cellular  layer  remind  us  of  the  prolonged 
stalk  on  which  the  conical  bodies  rest ;  and  the  filamentary 
layer,  which  is  composed  essentially  of  the  ultimate  filaments 
of  the  optic  nerve,  seems  to  correspond  to  what  Leydig  calls 
the  retina  in  the  insect.  On  all  these  points  there  seems 
a  resemblance ;  but  there  is  one  awkward  circumstance,  which 
at  first  sight  would  seem  to  upset  all  our  conclusions.  I  have 
placed  the  figures  with  the  rods  and  conical  bodies  both  look- 
ing outwards,  in  order  that  the  resemblance  between  them 
may  be  more  apparent ;  but  in  nature  they  are  not  so  placed. 
There  their  position  is  reversed.  The  conical  bodies  are  next 
the  light  in  the  insect — in  the  vertebrate  animal  they  are  far- 
thest away  from  it.  If  placed  as  they  really  stand,  one  of 
the  figures  should  be  turned  upside  down.  Here  is  a  difficulty 
which  makes  us  pause  upon  the  very  threshhold.  But  we  are 
relieved  from  our  dilemma  by  a  happy  conception  of  BrCLcke 
and  Hannover,  made  apparently  without  any  reference  to  the 
eyes  of  insects  (and  therefore  more  trustworthy  for  our  pur- 
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pose),  and  suggested  rather  by  the  difficulty  of  accounting  for 
the  portion  of  the  retina  on  which  objective  light  first  impressed 
itself  being  placed  farthest  away  from  the  light.  They 
conceive  that  the  light  passes  through  the  whole  coats  or 
layers  of  the  retina,  which  are  all  perfectly  transparent^  and 
is  reflected  back  again  by  the  rods  and  cones  of  the  bacillary 
layer.  Professor  Goodsir  improves  upon  and  extends  this 
idea.  He  suggests  that  "  the  divergent  pencil  of  light  which 
proceeds  from  any  visible  point  to  the  eye,  becoming  con- 
vergent after  having  entered  the  refractive  media,  passing 
through  the  perfectly  transparent  retina,  is  probably  brought 
to  a  point  at  the  surface  of  the  choroid  or  outer  part  of  the 
bacillary  layer  of  the  retina,  and  is  not  entirely  absorbed 
there,  but  is  reflected  as  a  divergent  penciL"  In  other  words, 
that  the  eye  is  looking  backwards,  and  sees  images  reflected 
as  in  a  mirror ;  and  if  we  suppose  the  structure  which  we  see 
in  the  front  of  the  eye  of  an  insect  to  be  continued  all  round 
to  the  back,  and  then  the  front  part  to  be  removed  or  absorbed, 
we  have  exactly  the  structure  which  we  find  in  man,  merely 
substituting  the  cones  and  rods  of  the  latter  for  the  conical 
bodies  in  the  former.  The  arrangement  is  the  same  in  both, 
only  the  insect  is,  as  it  were,  looking  at  the  landscape  out  of  a 
window,  while  man  has  his  back  turned  to  the  window,  and  is 
looking  at  the  landscape  in  a  mirror.  In  the  insect  the  visual 
ray  enters  each  facet ;  in  man  it  impinges  on  the  truncated  ends 
of  each  of  the  rods  in  the  bacillary  layer.  The  efiect  of  this 
is,  as  Professor  Goodsir  puts  it,  that  '*  the  human  sensorium  re- 
ceives from  the  retina  the  impression  of  a  picture  which  is  not 
continuous,  but  made  up  of  detached  points ;  as  in  the  vision  of 
the  insect  which  only  sees  an*  object  by  as  many  points  as  can 
transmit  rays  along  the  axis  of  its  eye-tubules."  Thus  it  would 
appear  that  both  see  by  what  Miiller  called  *<  mosaic  vision." 
The  foregoing  is  the  structure  which  almost  universally  pre- 
vails in  insects.  But  there  are  a  certain  number  of  anomalous 
insects  which  live  in  the  dark,  and  which  are  altogether  unpro- 
vided with  eyes.  Some  of  these  are  found  in  ants'  nests ;  others 
in  subterranean  places,  under  leaves,  bark,  and  decaying  vege- 
table matter;  and  others,  again,  only  far  in  the  interior  of  caves. 
A  rapid  glance  thrown  over  them  will  not  be  without  interest. 
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It  is  only  within  the  last  few  years  that  ants*  nests  hare 
been  searched  for  other  insects  than  the  ants  themselves. 
But  it  is  now  found  that  many  sncli  pass  their  whole  lives  in 
these  nests  ;  and  various  species  hitherto  unknown  have  been 
found  by  searching  these.  Ants*  nests  are  therefore  popu- 
lar at  present ;  and  not  tbe  less  so,  that  some  of  the  new 
species  which  have  been  found  in  them  are  blind.  These, 
and  all  species  which  live  entirely  in  ants'  nests,  wear  the 
same  livery  as  their  hosts,  and  not  only  so,  but  very  often 
assume  much  of  their  form.  The  commonest  of  the  blind  in- 
sects found  in  ants'  nests  is  the  Claviger  testaceust  Preyss., 
which  is  found  throughout  Europe.  Two  other  species  have 
been  described  :  one,  C.  lonfficamis^  Miill.,  also  found  in  Eu- 
rope ;  and  C,  eolehidicus,  Motsch.,  from  the  Caucasus.  This 
genus  is  represented  in  North  America  by  an  insect  named 
Adranes  casens^  described  by  Leconte,  and  it  also  lives  in 
ants'  nests. 

Another  group  of  blind  insects  are  found  under  ground  or 
under  stones,  &c.  The  first  which  I  shall  mention  is  a  small 
beetle  belonging  to  the  predaceous  group,  tlie  Bembidii.  It 
was  recently  discovered  near  Bordeaux  and  Toulouse,  and  de- 
scribed by  M.  Jacquelin  du  Val  under  the  name  of  AniUus 
ecBcus.  M.  du  VaPs  specimen  was  taken  under  large  stones 
which  lay  buried  beneath  a  dunghill,  or  rather  a  large  bed  of 
decaying  straw.  Notwithstanding  its  want  of  eyes,  M.  du 
Val  describes  it  as  very  agile,  which  is  the  character  of  all  the 
Bembidii.  Besides  this,  there  have  been  found  under  ground 
a  number  of  minute  Olavicomes  without  eyes, — Aglentis  brun- 
neuSj  Gyll. ;  Anommatus  12-8triatit8^  Miill. ;  Clinidium  Guilds 
ingiiy  Kirby,  and  sculptilis  of  Newm. ;  Langelandia  anopk-- 
thalmica,  Aub^.  The  latter  is  specially  found  on  stumps  of 
stakes  or  posts  which  have  stood  long  in  the  ground.  This  is 
perhaps  the  place  to  take  in  two  species  recently  described  by 
Fairmaire,  of  whose  habits  we  as  yet  are  ignorant^ — ^the 
Amaurops  Aubei  from  Sicily,  and  the  Leptomasiax  Co- 
quereli — ^a  very  singularly  formed  species,  allied  to  the  Scyd- 
mesnideB,  taken  on  the  sands  of  the  Bay  of  Beikos  during  last 
campaign. 

Another  group  of  blind  insects  are  found  under  leaves  and 
decaying  vegetable  matter.    They  are  confined  to  two  or  three 
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genera.   The  first  (JPtilium)  is  carious  as  containing  the  small- 
est species  of  beetle  known,  and  as  having  some  of  its  species 
blind  and  others  provided  with  ejes ;  and  yet,  so  far  as  we 
know,  there  is  no  difference  in  the  habits  of  life  of  those  with 
eyes  and  those  without  them.     When  the  eyes  are  awanting, 
they  are  replaced  by  a  small  tubercle,  from  which  springs  a 
long  hair,  which  may  possibly  serve  something  of  the  same 
purpose  as  the  tiger's  or  cat's  whiskers,  which  are  understood 
to  be  serviceable  to  these  animals  in  moving  in  the  dark, — a 
provision  which  we  shall  see  strikingly  reproduced  in  one  of 
the  genera  of  cave  insects.     The  blind  species  of  Ptilium  are 
PHlium  aptera,  Ouer.,  and  microscopica  and  angustata  of 
Gillmeister,  who  has  published  a  very  careful  monograph  of  this 
minute  genus.     The  remaining  blind  genera  which  have  been 
found  under  leaves  and  in  forests,  are  Lepiinus^  the  single 
species  of  which,  L.  testaceus^  MiilL,  has  been  found  in  Britain, 
though  very  rarely ;  and  Adelops,  a  number  of  species  of  which 
(all  blind)  are  now  known,  and  which  possesses  an  interest 
peculiar  to  itself,  from  containing  species  which  are  found  in 
the  caves,  as  well  as  species  which  are  found  under  leaves  in 
forests.  The  species  found  in  the  latter  localities  are  Adelops 
Schiodteif  Aubei,  and  ovatat  Keis.,  and  meridionalis,  Fairm., 
all  found  in  the  Pyrenees  and  south  of  France ;  Khevenhulleri, 
Mull.,  near  Vienna ;  besides  a  new  species  which  Mr  Jansen, 
last  year  discovered  near  London. 

I  now  come  to  the  troglodytes,  or  cave  insects.  It  is  a  long 
time  (nearly  a  century)  since  the  curious  blind  reptile,  the 
Proteus  (now  Hypocliihon)  anguinus  was  discovered  in  the 
caves  of  Carniola ;  but  although  the  occurrence  of  one  animal 
so  singularly  adapted  to  its  condition  of  life,  might  naturally 
have  suggested  the  idea  that  others  with  a  like  structure  would 
be  found  there  also,  if  sought  for,  still  it  is  only  within  a  com- 
paratively recent  period  that  it  has  been  ascertained  that 
various  eyeless  insects  and  crustaceans  also  inhabit  these 
vast  subterranean  solitudes. 

The  first  insects  which  were  found  were  a  small  crustacean 
of  the  Oniscus  tribe,  described  by  Kock  in  1840  under  the 
name  of  Pherusa  alba,  and  a  beetle,  described  by  Sturm  in 
1844  under  the  name  of  Anophihabnus  Schmidiii.  Schiodte 
next  visited  the  caves,  and  discovered  eight  new  animals,  and 
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in  1861  published  a  yery  interesting  aocount  of  his  researches, 
and  of  the  animals  which  were  found  in  the  cayes.  About  the 
same  time  similar  discoyeries  were  made  in  America  in  the 
great  Mammoth  Cayes  of  Kentucky.  In  1842  the  blind  fish 
AmhlyopsU  spelcBua  was  discoyered,  and  afterwards  blind  in- 
sects also.  Subsequent  researches  in  Europe  haye  also  succes- 
siyel  J  brought  to  light  other  species.  Besides  the  AnophthaU 
mu8  Sckmidtiif  we  haye  now  four  other  EuropeaBr^species; 
and,  it  is  to  be  obseryed,  that  so  far  as  our  information  yet 
goes,  they  appear  to  be  confined  each  species  to  its  own  cayem, 
or  rather  district  of  cayems; — Anophthalmus  SehmidiU 
from  the  cayem  of  Luege,  near  Adelsberg,  in  Camiola  ; 
A,  Bilimekii  from  the  Sele  Grotto ;  SeopoUi  from  the  Grotto 
of  Setz,  in  Garinthia ;  and  Hacqtietii  and  hirtus  from  the 
Grotto  of  Eirmberg,  near  Oberiggdorf.  Each  district  would 
appear  thus  to  haye  its  own  species,  —  a  circumstance  (if 
confirmed)  interesting,  in  relation  to  the  theory  of  single 
centres  of  creation.  The  Pherusa  alba,  no  doubt,  is  found  in 
all  the  cayems  of  Camiola ;  the  Leptodirvs  HohenwarUi  in 
seyeral ;  and  so  on  ;  but  these  cayems  are  close  together,  and 
probably  connected  with  each  other  by  internal  passages-  It 
is  curious  that  these  creatures  are  only  found  far  in  the  in- 
terior of  the  cayems,  and  neyer  approach  the  garish  light  of 
day,  which  would  appear  to  be  as  effectual  a  barrier  to  the 
dispersion  of  the  species  from  one  unconnected  cayem  to 
another  as  the  highest  mountain  or  widest  ocean  is  found  to 
be  in  the  upper  world.  One  does  not  well  see  why  these 
blind  animals  might  not,  as  it  were,  lose  their  way,  and  occa- 
sionally stammer  upwards  into  broad  daylight.  Had  they 
had  sight,  howeyer  feeble,  the  light  might  haye  been  painful 
to  them,  and  kept  them  in  their  natiye  darkness ;  but  if  they 
haye  no  perception  of  light,  such  a  check  would  not  operate. 
But  I  shall  recur  to  this  point  when  I  come  to  speak  of  the 
stmcture  of  the  places  where  the  eyes  should  be. 

But  if  the  specific  distinctness  of  the  species  peculiar  to 
each  cayem  strikes  us  with  interest,  their  generic  identifcy  is 
not  less  wonderful.  Here  in  each  caye  we  haye  a  species  so 
like  those  in  the  others  (though  still  distinct),  that  we  inyo- 
luntarily  ask  ourselyes  what  is  the  peculiar  yirtue  of  this 
form,  as  adapted  to  its  condition  of  life,  that  the  changes 
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should  be  thus  rung  upon  it  in  eyery  cavern  in  Europe  ;  and 
while  we  puzzle  oyer  it,  lo  !  the  cayes  of  Kentucky  are  exa- 
mined,  and  another  new  species  is  brought  from  them, — an 
Anophihalmus  too,    and  as  close  in  form  to  the  European 
species  as  those  of  the  one  caye  are  to  those  of  the  next.    I 
cannot  suggest  any  plausible  explanation  why  this  particular 
form  should  be  selected  as  most  suitable  for  the  condition  of 
life  of  tl^se  insects  (for  that  it  is  most  suitable,  cannot,  I 
think,  be  doubted, — Nature  not  only  always  doing  everything 
well,  but  everything  best).    To  our  finite  perception,  not  only 
is  the  purpose  of  the  form  of  the  insect  undiscemible,  but  its 
existence  in  its  sphere  of  life  at  all  would  almost  seem  to  be 
a  mistake.    It  is  one  of  the  predaceous  carnivorous  Coleoptera 
coming  in  our  arrangement  next  the  agile  group  of  Trechus  ; 
and  unless  we  assume  that  it  is  provided  with  some  special 
sense  which  compensates  for  the  want  of  light  and  want  of 
sight,  it  does  not  need  much  consideration  to  satisfy  us  that 
its  hunt  after  its  prey  will  be  the  pursuit  of  food  under 
difficulties  ;  and  that  it  does  not  live  on  very  full  com- 
mons may  be  inferred  from  the  state  in  which  we  find  it, — 
the  whole  of  the  inside,  in  any  I  have  seen,    being  shri- 
velled up  into  almost  nothing.     Still  they  live ;  therefore 
must  be  fed,  and  must,  I  think,  be  possessed  of  some  ad- 
ditional instinct  or  increased  power  in  the  other  senses,  to 
enable  them  to  procure  the  wherewithal.     What  is  that  ad- 
ditional or  increased  sense  1    Is  it  that  of  smell  1    Entomolo- 
gists are  not  yet  of  accord  as  to  the  seat  of  that  sense,  some 
maintaining  that  the  antennw  are  its  organs,  while  others  main- 
tain that  they  are  the  organs  of  touch,  and  others  again  the 
organs  of  hearing;  and  most  striking  evidence  has  been  brought 
forward  by  the  advocates  of  each  in  support  of  their  particular 
view, — evidence'so  conclusive,  that  I  acknowledge  I  have  been 
convinced  by  all  three,  and  I  do  most  potently  believe  that  the 
antennae  are  the  seat  of  all  three  senses,  so  that  we  may  not 
only  say  that,  like  a  Scotchman,  the  insect /€eZ«  a  smell,  but  it 
also  hears  a  smell,  and  smells  a  sound.    How  does  the  structure 
of  the  antennffi  of  the  Anophihalmus  afiect  the  question?  They 
are  considerably  longer  than  usual  in  the  group  to  which  they 
belong,  but  are  not  thickened  or  expanded,  which  is  the  form 
we  see  adopted  in  those  insects  where  the  sense  of  smell  is  to 
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be  specially  deyeloped,  as  in  those  which  have  to  smell  out 
putrid  or  fetid  matters  on  which  to  feed.      It  would  not 
appear,  therefore,  that  they  hunt  by  the  sense  of  smell.    The 
sense  of  hearing  is  the  sense  which,  among  our  own  blind,  be- 
comes most  useful,  and  I  think  we  may  reasonably  infer  that 
the  same  is  the  case  among  these  blind  insects.     Sensitive- 
ness of  touch  will  no  doubt  be  increased  ;  and  we  see  on  the 
Anophihalmus  that  there  are  several  excessively  long,  stiff 
hairs  projecting  on  each  side  of  its  body,  which  may  be  used 
for  the  purpose  I  have  indicated  in  speaking  of  similar  hairs 
on  the  blind  Ptilium.    This  can,  however,  only  be  a  very  sub- 
ordinate assistance ;  for  we  have  two  other  blind  predaceous 
animals,  two  Arachnidese,  which  are  not  furnished  with  such 
long  hairs  (the  Stalita  tceniaria  and  Blothrus  speUeus  of 
Schiodte,  Obisium  troglodytes^  Sturm.)    The  remaining  tro- 
glodytes belong  chiefly  to  the  family  of  Clavicomes.    The  cave 
species  of  the  genus  Arlelops,  which  I  have  already  spoken 
of  as  possessing  some  species  which  are  found  under  leaves 
in  the  forests  in  the  Pyrenees,  are  Adelops  hi/ssina  and  mofi' 
ana,  Schiodte,  from  the  caves  of  Oarinthia ;  tmiAdelops  hirtus, 
Tellkampf,  from  the  Mammoth  Cave  of  Kentucky ;  another  in- 
stance of  the  same  form,  though  not  the  same  species,  being 
reproduced  in  both  countries.    Another  genus,  Lepiodirus,  is 
interesting  from  its  form,  which  has  little  affinity  with  any  other 
genus,  although  it  approaches  most  nearly  to  MasHgua.   Three 
species  of  this  genus  are  known, — Leptodirus  Hohenwartii, 
from  the  Grotto  of  Adelsberg,  anffustatiM  from  the  Grotto  of 
Volija  Jama,  and  sericeus  from  the  Grotto  of  Cuba  Dol.    The 
Adelops  are  extremely  agile,  notwithstanding  their  want  of 
eyes.   The  Leptodirva  are  less  so.    The  still  more  recent  dis- 
covery of  a  blind  Curculionidous  species,  allied  to  Otiorhynchua 
and  described  under  the  name  of  Troglorhynchus  (Verhandl. 
des  Wiener  Zool.-bot.  Vereins,  Bd.  iv.  S.  62),  and  of  a  Bra- 
chelytrous  species  (allied  to  Oxyporua^  according  to  H.  Miiller 
(its  discoverer),  and  to  PcBderus^  according  to  Kraatz),  and 
named  Olyptomerus  cavicola,  MiilL,  completes*  I  think,  the 
tale  of  blind  cave  beetles. 

The  food  of  these  insects  remains  to  be  considered.  So  far 
as  regards  the  carnivorous  species,  there  is  no  difficulty  in 
guessing  what  their  food  is.     It  must  be  the  other  smaller 
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and  less  powerful  species  which  live  beside  them ;  but  what  do 
these,  in  their  turn,  feed  upon.  Schiodte  supposes  them  to 
feed  on  a  Byssus  which  clothes  part  of  the  walls  of  the  grot- 
tos. But  U.  Miiller  of  Lippstadt,  in  an  account  of  his  re- 
searches after  them  last  summer,  published  in  the  *'  Stettiner 
Etom.  Zeitung,"  xviii.  (March  1857),  narrates  that  he  found 
the  Leptodirus  Hohenwartii  in  stalactitic  chambers,^  con- 
stantly wet  and  dripping,  which  would  not  furnish  much 
nourishment ;  but  he  found  that  there  were  numerous  morsels 
of  corrupted  and  blackened  wood  lying  on  the  ground,  and  he 
believes  that  it  was  upon  these  that  they  fed.  Schiodte  and 
Mtiller  both  consider  water  in  the  caves  to  be  essential  to 
their  life ;  and  it  may  be  that  it  is  by  means  of  water  that  such 
fragments  of  wood  have  been,  and  are  still  deposited  in  the 
caverns.  The  Troglorhynchus  also  was  found^in  caves  whose 
bottom  was  covered  with  humid  earth. 

Besides  the  species  already  mentioned,  there  is  a  species  of 
Thysanoura  found  in  these  caves — Anuropfiorus  Stillicidii, 
Schiodte ;  and  there  are  several  blind  crustaceans  both  in  the 
caves  of  Carniola  and  those  of  Kentucky,  as  well  as  a  number 
recently  found  in  deep  wells  in  this  and  other  countries. 
These,  however,  do  not  fall  within  the  scope  of  this  paper, 
80  I  shall  not  occupy  the  time  of  the  reader  in  enumerating 
them. 

At  one  time  it  occurred  to  me  that  we  might  have  some 
blind  species  in  our  own  caves ;  and  about  two  years  ago,  I 
took  advantage  of  being  on  a  visit  in  Derbyshire  to  make  a 
thorough  search  through  one  of  the  largest  natural  caves 
in  that  porous  county,  viz.,  that  known  as  the  Blue  John 
Mine,  from  which  is  extracted  the  beautiful  purple  fluor- 
spar, of  which  the  so-called  Derbyshire  spar  ornaments  are 
formed.  The  mine  is  a  natural  cavern,  in  parts  of  which  the 
spar  is  wrought  for.  It  descends  obliquely,  by  rifts  and  cre- 
vices, for  a  very  considerable  distance,  occasionally  opening 
up  into  lofty  caves  or  halls,  as  the  manner  of  such  places  is. 
After  passing  the  part  of  the  cavern  where  the  path  has 
been  smoothed  and  made  practicable  for  the  visitor,  the  wild- 
est confusion  reigns.  Great  angular  blocks  of  stone,  slippery 
with  slime  and  clay,  lie  piled  up  in  continued  streams ;  here  and 
there  all  access  appeared  barred,  and  we  only  prosecuted  our 
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way  by  creeping  on  our  bellies  through  little  narrow  holes  in 
the  clayey  barriers,  such  as  only  a  vision  of  an  Anopkthalmus 
on  the  other  side  would  ever  have  tempted  me  to  risk  sticking 
in.  Sometimes  up,  sometimes  down ;  now  trying  a  rift  run- 
ning to  one  side,  then  a  crevice  to  the  other;  every  nook 
and  every  alley  was  faithfully  explored ;  but  alas !  nothing 
blind  found  but  the  alleys.  I  mention  these  particulars  to  let 
any  one  who  has  a  fancy  for  the  same  adventure  see  that 
"  the  gambol  has  been  shown'' — that  I  did  not  limit  my  ex- 
ploration to  the  ground  usually  viewed  by  tourists,  and  that 
it  will  be  better  for  any  one  who  wishes  to  repeat  such  an  ex- 
amination to  select  a  different  cave  for  the  purpose.  Indeed, 
we  can  scarcely  expect  to  find  any  troglodytes  in  this  cavern, 
for,  as  I  have  already  mentioned,  the  species  in  the  Camiolan 
caves  do  not  occur  within  two  miles  of  the  mouth,  while  here  I 
do  not  suppose,  that  at  the  very  farthest,  we  penetrated  more 
than  half  a  mile  into  the  bowels  of  the  land. 

I  am  afraid  I  have  already  exceeded  the  space  allotted  to 
me ;  but  I  feel  that  any  paper  treating  of  blind  insects  would 
be  imperfect  if  it  took  no  notice  of  the  peculiar  structure  in 
which  their  chief  interest  lies,  viz.,  their  want  of  eyes.  I  am 
not  aware  that  anything  has  yet  been  done  by  others  in  rela- 
tion to  this.  I  believe  not ;  the  extreme  rarity  and  value 
of  these  minute  creatures  operates  as  an  obstacle.  I  have, 
however,  sacrificed  one  of  my  specimens  of  Anophihalmus 
Bilimekiif  in  order  to  see  if  anything  could  be  gathered  from 
an  examination  of  the  interior  of  the  head ;  and  I  think  that, 
notwithstanding  the  disadvantages  arising  from  the  dryness 
of  the  subject  (if  I  may  use  the  words  both  in  their  literal 
and  anatomical  sense),  I  have  observed  something  which  it 
may  be  worth  while  to  notice.  The  head  of  the  Anophihal- 
mus  consists  of  two  great  lobes  engrossing  almost  the  entire 
surface  of  the  head.  Simple  inspection,  I  think,  shows  that 
these  occupy  the  space  which  was  intended  for  the  eyes.* 
On  looking  into  the  inside  of  the  head,  I  find,  of  course,  all 
the  soft  parts  desiccated  and  undecipherable ;  but  the  inner 

*  The  eye-space  is  not  always  thus  weU  marked  out.  It  is  so  in  all  the  Anoph- 
tkaXmU,  Kirby,  in  his  description  of  CHniditu  OuildingU  in  the  *'  Zoological 
Joamal,"  1832,  dwells  upon  it  in  that  species  ;  but  in  otbets,  as  Adthp;  Cla^ 
viffer,  AgUntUj  Jtc.,  there  appears  no  eye-space  at  all,  but  the  whole  of  th^ 
head  f^  of  one  uuform  surface  and  texture. 
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Borface  of  the  ohitonous  iotegument  showed  this  interesting 
pecnliuity.  TJndor  a  high  power  of  the  microscop,  I  found 
the  thorax  to  be  wrinkled  tranBveraelj,  with  an  immense 
nnmber  of  angular  elongate  cells,  like  the  oells  in  vegetable 
structure,  which  I  heliere  to  be  the  normal  atracture  of  all 

Fig.  e.  Fig.  7. 


chitonous  substances.  Thie  structure  is  shown  in  fig.  6,  which 
represents  a  portion  of  the  inner  surface  of  the  thorax.  Bring- 
ing the  interior  of  the  ocular  space  under  the  microscope,  I 
find  the  same  cells,  but  greatly  more  developed  (fig,  7).  The 
power  which  shows  the  cells  in  the  head  very  distinctly  does 
not  allow  us  tosee  the  structure  of  the  thorax  at  all.  Dr 
Greville  has  been  kind  enough  to  execute  the  drawings  of  figa. 
6  and  7>  so  that  there  can  be  no  doubt  as  to  their  accuracy. 
The  scale  only  is  some  whatdifferent,  fig.  7  being  on  a  smaller 
scale  than  fig.  6. 

It  will  be  observed,  also,  that  on  the  thorax  and  at  the  back 
part  of  the  ocular  space,  the  chitonous  cells  are  long  and 
transverse ;  as  we  approach  the  centre  of  the  ocular  space,  they 
begin  to  assume  more  of  the  usual  hexagonal  form  of  the 
facets  of  the  eye,  till  in  the  centre  we  see  some  facets  which 
are  almost  of  the  normal  shape.  This  may  possibly  arise  partly 
from  the  necessities  of  the  rounded  form  of  the  eye  space  ;  and 
Dr  Greville  thinks  he  sees  a  tendency  to  an  approach  to  the 
hexagonal  form  even  in  some  parts  of  the  thorax.  I  do  not 
pretend  to  say  positively  that  the  structure  on  the  ocular  spaces 
of  the  head  of  the  Anophthalmus  is  an  atrophied  or  abortive 
eye  ;  but  I  may  at  least  say  it  looks  very  like  it ;  and  sup- 
posing it  to  he  so,  it  gives  ua  an  instructive  insight  into  the 
mode  of  development  of  the  outer  surface  of  the  eye.     We  see 
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that  it  is  only  a  slight  modiiScatioiL  of  the  normal  structure 
of  the  integument,  and  the  tendency  seen  by  Dr  Greyille 
towards  a  similar  structure  in  other  parta  than  the  eye-8pace» 
is  peculiarly  interesting,  as  showing,  that  so  far  as  the  in* 
tegument  is  concerned,  there  is  no  particular  condition  neces- 
sary for  its  development  into  the  cornea,  but  that  it  might  be 
equally  easily  constructed  upon  the  thorax  as  upon  the  head. 
And  this  is  in  entire  accordance  with  what  is  already  known 
regarding  the  development  of  the  eye  in  the  vertebrata.  In 
them  the  eye  has  been  satisfactorily  proved  to  be  merely  a 
part  of  the  skin  altered  and  added  to ;  for  instance,  the  state  of 
the  eye  of  man  in  its  earliest  stage  is  simply  a  fold  of  the 
skin. 

In  all  this,  and  indeed  throughout  the  whole  of  this  paper, 
I  have  been  proceeding  on  the  assumption  that  these  insects 
are  destitute  of  the  power  of  vision.  But  this  is  merely  an 
assumption,  which  may  be  only  partially  true.  We  know 
that  the  Proteus  anguinus  has  an  eye  under  the  skin,  and  a 
not  wholly  atrophied  optic  nerve  ;  and  we  are  told  that  when 
flambeaux  are  brought  near  it,  and  an  attempt  made  to  catch 
it,  it  usually  darts  off  for  some  distance,  where  it  rests, 
and  is  more  easily  caught  the  second  attempt.  In  like  man- 
ner, Schiodte  says  of  the  Leptodirus, — "  The  animal  moves 
slowly  and  cautiously,  supported  on  its  long  legs  as  if  on  stilts ; 
it  stands  still  the  instant  that  light,  or  rather  the  sound  of 
approach,  reaches  it,  when  it  crouches  down  and  remains  im- 
moveable, with  erect  antenna  and  stretched  out  legs,  unless 
it  is  touched."  No  doubt  the  above  incidents  may  be  ex- 
plained without  supposing  light  to  have  any  effect  upon  them. 
The  noise  of  the  visitors,  the  disturbance  of  the  air  by  their 
presence,  and  torches,  &c.,  may  suflSciently  advertise  them  of 
the  intrusion  of  foes ;  or  if  light  has  any  effect  upon  them,  it 
may  be  that  the  structure  of  the  ocular  space  in  the  Anoph- 
thalmus  is  of  a  parallel  nature  to  the  eye  and  optic  nerve  of 
the  Proteus ;  or,  failing  this,  it  may  be  that,  like  plants  and 
zoophytes,  they  are  sensible  of  the  influence  of  light  without 
possessing  eyes.  Notwithstanding  this,  I  imagine  there  can 
be  little  doubt  that  their  powers  of  vision  must  be  so  feeble  as 
to  justify  us  in  looking  upon  them  and  calling  them  blind. 


Reviews  and  Notices  of  Books,  199 


REVIEWS.  AND  NOTICES  OF  BOOKS. 


Encyclopcedia  Britannica :  Dissertation  Sixths  exhibiting  a 
General  View  of  the  Progress  of  Mathematical  and  Physi- 
cal Science,  principally  from  1775  to  1850.  By  James 
David  Foebes,  D.O.L.,  F.R.S.,  Sec.  R.S.,  Ed.,  Professor 
of  Natural  Philosophy  in  the  University  of  Edinburgh, 
and  Corresponding  Member  of  the  Institute  of  France. 

The  rarest  of  all  the  productions  of  nature  we  take  to  be  a  com- 
petent historian  of  science.  The  very  .elements  which  go  to  his 
composition  are  of  necessity  paradoxical,  and,  unless  wonderfully 
blended  and  tempered,  are  likely,  from  man's  natural  anxiety  for 
self-elevation,  to  lead  their  possessor  to  aim  at  discovering,  rather 
than  at  recording  discoveries.  That  he  may  appreciate  genius — that 
he  may  be  able  to  distinguish  between  originality  and  an  aptness  to 
assimilate  and  work  out  the  conceptions  of  others,  it  can  hardly  be 
doubted  that  the  historian  should  be  himself  a  man  of  original  power 
—should,  indeed,  have  exhibited  that  power  by  his  own  contributions 
to  the  progress  of  science ;  and  yet  how  generally  does  it  happen,  that 
a  consciousness  of  the  position  of  his  own  name  on  the  page,  draws, 
with  unjust  force,  his  pen  towards  the  spot  whence  that  name  may 
be  descried,  as  though  he  were  writing  an  introduction  which  the 
next  generation  should  complete  by  the  addition  of  his  own  bio- 
graphy. The  recent  life  of  Newton  may,  to  some  extent,  explain 
our  meaning.  Valuable  as  it  is  in  reference  to  Newton  himself, 
we  cannot  help  feeling,  when  we  are  reading  the  account  of  his  op- 
tical discoveries,  that  we  are  touching  also  on  those  of  Sir  David 
Brewster.  A  similar  remark  will  apply  to  the  same  author's  account 
of  the  stereoscope.  The  very  fact  of  Sir  David's  high  eminence  as 
a  discoverer,  mixed  up  as  his  discoveries  have  been  with  those  of 
othera,  aided  too,  perhaps,  by  some  little  impatience  of  criticism, 
renders  him,  unconsciously,  a  special  pleader  when  he  should  be  a 
simple  narrator,  and  thus  disqualifies  him  from  being  altogether 
an  unexceptionable  historian  of  science.  The  recorder  will,  under 
all  circumstances,  be  blended  with  the  record  ;  and  if  the  topic  has 
engaged  him  in  previous  controversy,  his  judgment  will  not  be 
wholly  unbiassed. 

At  the  same  time,  physical  science,  in  its  present  progressive  form 
can  hardly  be  mastered  by  any  but  those  who  partake,  to  some  ex. 
tent,  in  its  discoveries.  A  mere  compiler  will  probably  be  a  super- 
ficial examiner.     Even  if  he  possessed  the  power,  we  doubt  if  any 
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woald  have  the  patience  to  climb  to  the  reqaiflite  height,  unlefis  he 
started  from  a  platform  created  bj  his  own  genios. 

The  author  of  the  work  before  us  belongs  to  the  class  of  originaJ 
discoverers— to  that  of  men  of  genius  of  the  highest  order.  Happily 
his  rsinge  of  research  has  been  too  wide — embracing  everj  region, 
from  the  scattering  of  the  stars  in  the  heavens  to  the  pulsations  ol 
heat  in  the  arteries  of  the  earth — ^to  suffer  his  sympathies  to  be 
nailed  down  to  anj  one  or  two  branches  of  his  subject.  Happily, 
too,  his  discoveries  have  generally  come  before  the  world  in  a 
form  so  dear,  complete,  and  convincing,  that  he  has  been  little,  if 
at  all,  involved  in  the  meshes  of  controversy.  Happily,  moreover, 
he  seems  to  have  got  scent  of  what  we  intended  to  say  about  the 
liability  of  men  of  genius  to  err  in  recounting  discoveries  in  which 
they  themselves  have  borne  a  part ;  for,  on  turning  to  the  subject 
of  polarization  of  heat,  we  find  him  commencing  that  portion  of  his 
history  with  an  apology.  *^*  The  length  to  which  this  chapter  has 
already  extended  must  be  my  apology  for  bringing  concisely  to  a 
conclusion  what  remains  to  be  stated  regarding  the  progress  of  the 
subject  of  radiant  heat."  (Art.  707.)  The  length  of  the  chapter ! 
Why,  the  next  chapter  is  considerably  longer.  We  must  return  to 
this  subject  before  we  have  done. 

Spite  of  all  these  encouraging  considerations,  we  confess  we 
opened  the  present  Dissertation  with  some  little  anxiety.  We 
think  the  existing  generation  is  not  favourable  to  the  producti<m  of 
durable  impai'tial  history.  Ours  is  an  age  of  discovery ;  we  do  not 
now  mean  scientific  discovery.  For  a  century  or  so  the  habit  had 
prevailed  of  receiving  implicitly  the  traditions  and  recoi'ds  of  past 
times,  assuming  them  to  have  been  substantiated  at  the  date  of  their 
publication.  This  style  of  constructing  history  consisted  merely  in 
breaking  up  and  rearranging  stereotype  blocks.  Recently,  the 
worthlessness  of  such  a  mode  of  proceeding  has  become  apparent, 
and  now  the  opposite  error  has  come  strongly  into  vogue — ^that  of 
leaping  back  to  contemporaneous  neglected  documents,  and,  on  their 
evidence,  reversing  the  settled  deliberate  verdict  of  past  centuries. 
Thus  Cromwell  and  Mary  of  Scotland,  and  George  of  England  (we 
don't  mean  him  of  the  Dragon)  get  new  characters ; — nay,  to  such 
an  extent  is  this  carried,  that,  following  the  example  of  a  learned 
prelate,  we  have  a  worthy  man  presenting  us  with  "  historic  doubts" 
relative  to  the  existence  of  Shakspeare — a  writer  of  plays.  Now, 
this  style  of  thing  is  creeping  into  science.  In  a  work  lying 
before  us,  entitled  *^  Specimens  of  the  Table  Talk  of  the  late  Samuel 
Taylor  Coleridge,"  we  read,  under  the  date  October  8,  1830,  the  fol- 
lowing judgment : — **  It  would  take  two  or  three  Galileos  and  New- 
tons  to  make  one  Kepler."  Coleridge,  with  all  his  knowledge,  pro- 
bably knew  very  little  of  any  one  of  the  three — Gahleo,  Kepler, 
Newton  ;  but,  had  he  not  seen  the  famous  frescos  in  the  hall  of  the 
University  of  Bonn  ?  and  with  German  spectacles  too  9    Speaking 
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of  Kepler,  we  belieye  it  is  the  fashion  now  to  attribute  more  to  him 
than  was  the  custom  with  our  ancestors.  We  had,  some  two  or 
three  years  ago,  a  lite  of  that  eminent  searcher  after  laws  thrust  into 
our  hands,  in  which  he  appears  in  glorious  colours ;  and  almost 
whilst  we  write,  a  contemporary,  after  the  manner  of  Horrox,  com- 
mits himself  to  the  following  judgment : — *'  Before  all  astronomers, 
we  think  Keppler*  deserves  the  title  of  Legislator  of  the  Heavens," 
(a  title  frequently,  and  with  justice,  given  to  him) .  *'  Besid es  his  three 
laws,  he  certainly  did  as  much  in  the  discovery  of  gravitation  as 
Newton  did ;  some  think  more."  We  do  not  know  whether  this 
writer,  too,  gets  his  information  from  Grerman  pictures  or  not,  but, 
if  he  will  consult  the  works  of  Kepler,  he  will  perhaps  admire  him 
more  and  exalt  him  less.  The  untiring  energy  which  could  grapple 
with  such  apparently  hopeless  masses  of  materials,  and  build  them  up 
into  goodly  symmetrical  structures — ^the  faith  in  the  existence  of 
limplicity,  amidst  infinite  complexity  which  could  impel  him  to 
devote  his  life  to  search  it  out,  proclaim  that  great  man  to  be  a  true 
philosopher :  but  there  was  a  point  beyond  which  his  mind  could  not 
penetrate;  in  optics,  in  astronomy,  he  looked  for  harmonies,  for 
correlations,  rather  than  for  laws.     Like  the  bee,  he  constructed 

*  Terpander,  we  tbink  it  was,  immortalized  himself  by  adding  a  seventh 
string  to  the  lyre:  modern  biographers  and  editors  may  immortalize  them- 
selves by  adding  a  seventh  letter  to  the  name  of  Kepler.  He  is  himself  im- 
mortal^ without  the  aid  of  the  additional  p.  There  are,  it  is  true,  some  of 
his  works  in  which  the  seventh  letter  is  employed,  no  matter  whether  correctly 
or  not,  .  Bat,  as  Joannet  Eepleru$y  he  was  accostomed  to  boild  castles  with  the 
letters  of  his  name,  just  as  he  did  with  the  distances  and  periods  of  the  planets ; 
and  consequently,  under  that  name  he  should  be  suffered  to  rest  in  peace. 
The  following  passage  from  the  life  of  Kepler,  in  the  Library  of  Useful  Know- 
ledge, made  a  powerful  impression  on  our  imagination  thirty  years  ago.  It 
may  be  regarded  as  a  mind-portrait  of  Kepler,  painted  by  himself.  **  When 
I  was  a  youth,"  he  says,  "  with  plenty  of  time  on  my  hands,  I  was  much  taken 
with  the  vanity,  of  which  some  grown  men  are  not  ashamed,  of  making  ana- 
grams, by  transposing  the  letters  of  my  name,  written  in  Greek,  so  as  to  make 
another  sentence ;  out  of  Urdpnif  Kt^Xn^of,  I  made  Xs«^iiw»  x^^ruxtc ;  in  Latin, 
out  of  Joannes  Keplerut  came  Serpens  in  akuleo.  But  not  being  satisfied  with 
the  meaning  of  these  words,  and  being  unable  to  make  another,  I  trusted  the 
thing  to  chance,  and  taking  out  of  a  pack  of  playing  cards  as  many  as  there 
were  letters  in  the  name,  I  wrote  one  upon  each,  and  then  began  to  shuffle 
them;  and  at  each  shuffle  to  read  them  in  the  order  they  came,  to  see  if  any 
meaning  came  of  it.  Now,  may  all  the  Epicurean  gods  and  goddesses  confound 
this  same  chance,  which,  although  I  spent  a  good  deal  of  time  over  it,  never 
showed  me  any  thing  like  sense,  even  from  a  distance.  So  I  gave  up  my  cards 
to  the  Epicurean  eternity  to  be  oarried  away  into  infinity ;  and  it  is  said 
they  are  still  flying  about  there,  in  the  utmost  confusion,  among  the  atoms,  and 

have  never  yet  come   to  any  meaning. Yesterday,  when 

weary  with  writing,  and  my  mind  quite  dusty  with  considering  these  atoms, 
T  was  called  to  supper,  and  a  salad  I  had  asked  for  was  set  before  me.  It 
seems,  then,  said  I  SkLoud,  that  if  pewter  dishes,  leaves  of  lettuce,  grains  of  salt, 
drops  of  water,  vinegar  and  oil,  and  slices  of  eggs,  had  been  flying  about  in 
the  air  from  all  eternity,  it  might  at  last  happen  by  chance  that  there  would 
oome  a  salad.  "  Yes,'  says  my  wife,  '  but  not  so  nice  and  well-dressed  as  this 
of  mine  if.'" 
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his  fabric  with  wonderful  and  accurate  sjmnietry,  such  as  his  eye 
lored  to  look  on,  but  in  that  symmetry  other  eyes,  aided  by  other 
intellects,  have  discovered  an  economical  adaptation  which  neither 
Kepler  nor  the  bee  dreamt  of.*  We  are  digressing,  though  poesibly 
our  digression  may  have  helped  us  to  strengthen  the  second  of  the 
positions  with  which  we  set  out,  7iz.,  that  the  historian  of  science,  if 
he  be  not  also  a  discoverer,  is  likely  to  be  only  a  superficial  exa- 
miner, and  therefore  subject  to  be  misled  by  the  tendencies  of  the 
age  in  which  he  lives. 

We  say  we  approached  the  Dissertation  with  some  little  anxiety. 
The  subjects  which  it  embraces  are  numerous,  widely  ramifying  and 
difficult.     WiiQVL  we  assert  that  we  have  read  the  work,  we  do  not 
mean  it  to  be  inferred  that  we  ha?e  weighed  each  sentence,  and  con- 
sidered both  its  exact  import  and  the  grounds  on  which  the  author  set 
it  down.  In  this  sense,  it  is  reading,  not  of  a  day  or  of  a  year,  bat  al- 
most of  a  life.     As  the  record  of  the  discoveries  of  three-quarters  of  a 
century,  terminating  with  the  present  time,  it  can  scarcely  be  believed 
that  any  man  but  the  author  himself,  and  two  or  three  others,  whose 
range  of  reading  has  been  as  wide  as  his  own,  can  speak  decidedly 
on  every  point — can  even  venture  to  speak  on  some  points  at  all. 
That  the  work  has  many  blemishes,  many  oversights,  some  manifes- 
tations of  undue  leaning  to  this  side  or  to  the  other,  may  be  safely 
admitted — it  is  a  human  production,  and  to  err  is  human.     That 
its  blemishes  will  be  carefully  sought  out,  we  may  venture  to  predict. 
Indeed,  the  very  first  remark  in  reference  to  it,  which  met  our  ears, 
was  a  complaint  of  the  treatment  which  Mr  Fairbairn  has  received 
in  the  matter  of  the  tubular  bridge.     We  had  intended  to  judge  of 
the  merits  of  this  question  by  reading  through  Mr  Fairbairn 's  own 
statement.     We  went  so  far,  indeed,  as  to  read  the  title-page,  and 
we  give  the  reader  the  benefit  of  our  researches.     "  An  account  of 
the  Construction  of  the  Britannia  and  Conway  Tubular  Bridges,  &c. 
&c..  By  William  Fairbairn,  C.E.'*     But  here  we  paused,  and  finally 
resolved  that  here  we  would  pause.     What  have  we  to  do  with  Mr 
Fairbairn  and  Mr  Stephenson  ?     True,  had  we  found  on  examining 
those  parts  of  the  work  with  which  we  have  most  right  to  be  fami- 
liar, that  a  general  tone  of  one  sidedness,  a  tendency  to  exalt  this 
man  an  J  to  depress  that,  to  pass  hastily  over  important  bi-anches  of 
^cience  that  others  less  important  might  be  brought  into  prominent 
notice — had  we  found  such  to  be  its  tone  and  tendency,  we  should 
have  raised  our  voice  against  this  Dissertation  being  received  as  the 
exposition  of  the  progress  of  Mathematical  and  Physical  Science. 
But  we  find  nothing  of  the  kind  ;  we  are.  on  the  contrary,  impressed 
with  the  clear,  healthy  spirit  which  pervades  the  whole  work.     The 
author's  scientific  attainments  place  him  in  an  atmosphere  above  the 
current  where  the  straws  and  motes  of  the  present  day  are  floating, 
which  an  ordinary  writer  would  have  greedily  caught  at ;  and  from 
this  height  he  has  looked  on  the  past  century  with  the  broad  and 
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kindlj  gaze  of  one  who  himself  awaits  the  judgment  of  succeeding 
ages. 

The  Dissertation  is  divided  into  seven  chapters — the  first  intro- 
ductory; the  second  and  third  on  astronomy;  the  fourth  on  mechanics 
with  its  appUcations ;  the  fifth  on  optics ;  the  sixth  on  heat,  includ- 
ing some  topics  of  chemical  philosophy,  and  the  seventh  on  electricity 
and  its  cognates. 

The  introductory  chapter  is  a  very  admirahle  inquiry  into  the 
limits  of  the  science  of  natural  philosophy,  and  the  relations  which  ex- 
ist between  it  and  mathematics  on  the  one  hand,  and  the  mechanical 
arts  on  the  other  The  following  passage  will  give  the  reader  a  just 
idea  of  the  spirit  in  which  the  work  has  been  conceived  and  executed  : 

''  It  seems  to  me  impossible  to  exclude  from  •a  review,  however 
slight,  of  contemporary  progress  in  the  exact  sciences,  the  advantages 
which  have  accrued  to  them,  both  directly,  and  as  it  were  reflexively, 
by  the  astonishing  progress  of  the  mechanical  arts.  The  causes,  in- 
deed, which  called  them  forth  are  somewhat  different  from  those 
which  are  active  in  more  abstract,  though  scarcely  more  difficult, 
studies.  Increasing  national  wealth,  numbers,  and  enterprise,  are 
stimulants  unlike  the  laurels,  or  even  the  golden  medals,  of  academies, 
and  the  quiet  applause  of  a  few  studious  men.  But  the  result  is  not 
less  real,  and  the  advance  of  knowledge  scarcely  more  indirect.  The 
masterpieces  of  civil  engineering — the  steam-engine,  the  locomotive- 
engine,  and  the  tubular  bridge — are  only  experiments  on  the  powers 
of  nature  on  a  gigantic  scale,  and  are  not  to  be  compassed  without 
inductive  skill,  as  remarkable  and  as  truly  philosophic  as  any  effort 
which  the  man  of  science  exerts,  save  only  the  origination  of  great 
theories,  of  which  one  or  two  in  a  hundred  years  may  be  considered 
as  a  liberal  allowance.  Whilst,  then,  we  claim  for  Watt  a  place 
amongst  the  eminent  contributors  to  the  progress  of  science  in  the 
eighteenth  century,  we  must  reserve  a  similar  claim  for  the  Steven- 
sons  and  the  Brunels  of  the  present ;  and  whilst  we  are  proud  of  the 
changes  wrought  by  the  increase  of  knowledge  during  the  last  twenty- 
five  years  on  the  face  of  society,  we  must  recollect  that  these  very 
changes,  and  the  inventions  which  have  occasioned  them,  have  stamped 
perhaps  tlie  most  characteristic  feature — its  intense  practicalness — 
on  the  science  itself  of  the  same  period."     (Art.  11). 

In  treating  his  subject,  it  has  been  the  author's  aim  to  blend  the 
personal  with  the  scientific  Accordingly,  in  the  subdivision  of  the 
work  into  sections,  he  has  allowed  the  biographical  principle  to  pre- 
dominate, thus  giving  as  much  as  possible  a  historical  character  to 
the  whole,  and  endeavouring  to  introduce  the  reader  to  the  intellectual 
acquaintance  of  the  eminent  men  who  are  selected  for  notice.  (Art. 
23).  We  regret  that  our  limits  do  not  permit  of  our  extracting 
one  of  these  biographies  in  full  as  a  specimen.  We  shall  content 
ourselves  with  giving  a  few  passages  from  the  combined  notices  of 
Leverrier  and  Adams  in  reference  to  the  planet  Neptune. 
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*'  We  have  now  to  chronicle  a  disoorerj,  which,  by  general  con- 
sent, stands  first  in  the  achievements  of  science,  not  only  in  the  period 
now  under  review,  but  even  in  the  long  and  eventful  series  of  years 
which  have  elapsed  since  Newton  established  the  doctrine  of  univer* 
sal  gravitation. 

'*  The  discovery  of  which  we  speak  was  no  less  than  the  proof  of  the 
existence  of  a  planet  beyond  the  recognised  boundary  of  our  system, 
merely  as  an  inference  from  the  perturbed  motion  of  the  outmost 
planet  Uranus  ;  a  proof,  not  general  or  abstract,  but  particular  and 
specific  :  *  Look,  on  such  a  night,  and  in  such  a  direction,  and  there 
you  will  see  by  the  telescope  a  star,  small,  indeed,  but  with  a  distin- 
guishable disk, — that  is  the  planet  which  has  made  Uranus  move  so 
unsteadily  in  its  orbit,' — so  spoke  the  mathematician ;  and  the  zealous 
astronomer  to  whom  the  call  was  especially  addressed,  pointing  his 
glass  to  the  sky,  discovered  at  once,  that  is,  the  same  evening,  a  body 
answering,  almost  preciseltf,  in  position  as  well  as  in  brilliancy,  to  the 
oracular  announcement.  «  ♦  ♦  • 

*^  M.  Leverrier  is,  we  believe,  a  native  of  St  Lo  in  Normandy,  a 
province  which  has  been  singularly  productive  of  eminent  men 
(Laplace  and  Fresnel  were  of  the  number).  With  no  advantages, 
but  the  reverse,  he  won  a  high  position  at  entering  the  polytechnic 
scthool,  which  he  constantly  maintained.  He  at  first,  we  believe, 
attached  himself  to  chemistry,  but  his  taste  for  physical  astronomy 
was  soon  developed,  and  was  advanced  entirely  by  his  private  efforts. 
It  is  a  peculiarity  of  the  mode  of  cultivating  the  sciences  in  Paris, 
that  such  abstruse  and  difficult  studies  are  not  merely  engaged  in 
temporarily  for  purposes  of  academical  distinction,  but  that  they 
actually  become  a  '  carri^re  *  or  calling,  and  are  pursued  in  that 
methodical  manner  for  wh ich  the  French  are  distinguished .  In  1 84  5 , 
when  he  commenced  the  careful  examination  of  the  theory  of  Uranas, 
M.  Leverrier  was  already  favourably  known  by  his  researches  on 
comets,  and  on  the  orbit  of  Mercury,  but  especially  by  immense 
calculations  connected  with  the  secular  inequalities  of  the  planets,  by 
which  his  ability  and  hardihood  in  computation  had  been  thoroughly 
exercised.  »  «  «  • 

*'  On  the  Ist  of  June  1846  he  announced  to  the  Academy  of  Sciences 
that  the  true  longitude  of  the  expected  planet,  for  Ist  January  1847, 
was  325°,  with  a  probable  error  of  10°  This  result  was  immediately 
published  in  the  Comptes  Rendns, 

<*  Between  the  1st  June  and  31st  August  1846,  when  his  third 
memoir  on  the  perturbations  of  Uranus  appeared,  M.  Leverrier 
busied  himself  in  obtaining  a  farther  approximation  to  the  elements 
and  place  of  the  suspected  planet.  He  now  assumed  the  correction 
of  the  mean  distance  amongst  the  other  quantities  to  be  sought.  By 
a  fresh  calculation  he  deduced  a  complete  list  of  elements  as  regards 
longitude  ;  and  diminished  the  mean  distance  considerably. 
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"  No  one  who  read  at  the  time  the  abstract  of  this  remarkable  paper 
in  the  Comptes  Rendus  failed  to  be  struck  with  it,  not  only  as  re- 
garded the  weighty  matter  thus  publicly  announced,  but  also  on  oo- 
count  of  the  cakn  and  well-founded  oonyiction  which  the  author 
manifested  in  the  truth  of  his  bold  conclusions,  and  the  definite 
manner  in  which  he  gives  the  challenge  to  practical  astronomers  to 
verify  or  disprove  them.  *  »  •  « 

"  So  ardent  a  conviction  in  a  manner  compelled  the  proof  which  the 
geometer  claimed,  and  M.  Gralle,  whose  intelligence  and  zeal  are 
well  known,  pointed  his  telescope  to  the  sky  the  very  evening  that 
M.  Leverrier's  letter  reached  him.  Fortunately  provided  with  a 
newly  published  star-map,  by  Bremicker,of  that  region  of  the  heavens, 
which  was  not  at  that  time  diffused  generally  amongst  European 
observatories,  he  detected  that  same  night  (the  23d  Sept.  1846,)  a 
star-like  body  of  the  eighth  magnitude,  not  noted  in  the  star-chart, 
therefore  a  wandering  body,  having  a  manifest  disc  from  2^"  to  y  in 
diameter,  and  distant  only  fifty-four  minutes  of  a  degree  from  the 
predicted  place. 

"  It  will  be  remarked  that  the  discovery  in  question  was  anticipated 
and  completed  in  France  and  Germany  alone;  England  had  no 
direct  participation.  We  must  now,  however,  state  briefly  what  oc* 
curred  there  of  a  similar  character,  at  the  same  time,  and  even  earlier. 

"  Mr  John  Couch  Adams,  when  a  student  at  St  John's  College, 
Cambridge,  in  1841,  formed  the  design  of  detecting  the  position  of 
a  perturbing  planet  which  should  account  for  the  anomalous  motions 
of  Uranus.  He  made  a  preliminary  essay  on  the  problem  in  1843, 
assuming  the  distance  of  the  suspected  body  from  the  sun  to  be  double 
that  of  Uranus.  I  learn  from  good  authority  that  he  obtained  a  place 
for  the  unseen  planet  not  very  different  from  that  which  he  finally 
adopted.  Early  in  1844  he  obtained  from  Greenwich  the  valuable 
series  of  places  of  Uranus,  which  were  afterwards  in  like  manner  ap- 
plied for  by  M.  Leverrier.  In  September  1 845,  he  communicated  to 
Professor  Challis  the  elements  of  the  new  planet's  orbit  (neglecting 

the  inclination)  and  an  ephemeris  of  its  geocentric  place. 

«  «  »  « 

"  Mr  Adams,  in  communicating  his  results  (at  a  later  time)  to  the 
Astronomical  Society,  with  characteristic  modesty  says : — ^  I  mention 
these  dates  merely  to  show  that  my  results  were  arrived  at  indepen* 
dently,  and  previously  to  the  publication  of  M.  Leverrier,  and  not 
with  the  intention  of  interfering  with  his  just  claims  to  the  honours 
of  the  discovery,  for  there  is  no  doubt  that  his  researches  were  first 
published  to  the  world,  and  led  to  the  actual  discovery  of  the  planet 
by  Br  Galle.' 

"  And  such  is  no  doubt  the  fact.  The  priority  of  Mr  Adams  in  the  ma- 
thematical investigation  is  as  certain  as  that  the  researches  of  M.  Le* 
verrier  alone  produced  the  discovery  of  Neptune."    (Arts.  1 27- 1 40.) 

We  may  add  in  the  worda  of  another  writer-—*'  Had  there  been 

NEW  SSBIBS. VOL.  TI,  NO.  I. ^JULY  1867.  K 


146  ReviewM  and  NoHoes  of  Books. 


hope  and  confidence  LeTerrier  and  Adams  mart  have  changed  places. 
•  .  .  •  Though  the  basbwas  sound  there  was  not  sufficient 
faith." 

These  extracts  will  prepare  the  reader  for  the  information  that 
large  portions  of  the  work  are  of  interest  to  the  unscientific :  indeed, 
all  will  find  lessons  of  the  highest  value  in  these  biographical 
sketches.      An  instractiye  example  is    contained  in   Lagrange'a 
directions  for  the  stud j  of  mathematics.     '*  I  never  stvdied^^  sajs 
he,  *'  more  than  one  book  at  a  time  ;  if  good,  I  read  it  to  the  end. 
I  did  not  perplex  mjself  with  difficulties,  but  returned  to  them 
twenty  times,  if  necessary.     I  considered  reading  large  treatises 
of  pure  analysis  quite  useless.     We  ought  to  derote  our  time  and 
labour  chiefly  to  the  applications.     I  always  read  tvith  my  pen  m 
fiiy  hand^  developing  the  calculations,  and  exerdsing  myself  with 
the  questions."   (Art  84,  note).    We  have  talten  the  liberty  of  trans- 
posing some  of  the  italics  in  this  passage,  and  have  endeavoured  to 
attach  them  to  the  remarks  most  worthy  of  attention.     We  must 
be  allowed  to  take  exception  to  one  sentence  of  the  above  extract. 
Lagrange  says — *'  We  ought  to  devote  our  time  and  labour  chiefly 
to  the  applications."     This  is  not  very  consistent  with  his  own 
practice,  for  he  was  eminently  successful  in  the  invention  and  im* 
provement  of  methods  in  analysis,  and  appeara  to  have  devoted  im- 
mense labour  and  much  time  in  perfecting  those  methods,  which  he 
gave  to  the  world  in  large  treatises.     Nor  does  it  quite  square  with 
what  the  author  of  the  Dissertation  makes  known  to  us  in  ^e  follow- 
ing passage  :  <<  he  himself  (Lagrange)  is  stated  to  have  preferred, 
amongst  all  his  papers,  one  in  the  Turin  Memoin  of  1784  on  the 
Integral  Calculus."     It  should  always  be  borne  in  mind  that  every 
development  of  human  thought  has  its  value.     Those  discoveries 
which  appear  to  be  most  widely  separated  may  have  affinities  to  be 
afterwards  exhibited.     Different  minds  are  constituted  to  derive  en- 
joyment from,  and  to  advance  the  progress  of,  different  elements  of 
knowledge,— one  revelling  in  the  abstraction  which  traces  to  its  con- 
clusions the  assumption,  as  an  axiom,  of  a  known  impossibility,  or 
developing  the  wonderful  and  real  consequences  of  arguing  on  the 
supposed  intersections  of  lines  which  never  can  meet ;  another  re- 
conciling with  the  Newtonian  theory  some  irregularities  in  the  motion 
of  Venus ;  a  third  tracking  the  windings  of  ice-streams,  and  deter- 
mining their  laws  of  motion.    The  results,  perhaps,  are  in  themselves 
of  no  higher  importance  to  the  human  race  than  the  fidl  of  an  apple 
or  the  hues  of  the  rainbow.     As  exponents  of  mere  matter  and  force 
we  could  dispense  with  nine-tenths  of  our  science :  as  an  exponent 
of  mind  every  tittle  is  valuable. 

The  author  undoubtedly  holds  mere  ingenuity  rather  cheap,— -and 
we  are  disposed  to  agree  with  him ;  though  he  perhaps  strains  his 
position  a  little  when  he  declares  (as  we  understand  the  passage)^ 
that  to  make  oontrivanoes  in  which  the  result  depends  rather  upon 
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laws  of  geometry  than  of  phjBiear  hardly  entitles  the  inventor  to  be 
ranked  amongst  men  of  genius  (Art.  35).  The  distinction  here 
drawn  does  not  appear  to  be  philosophical,  thoogh  the  standard  set 
up  maj  happen  to  be  correct.  The  measure  of  an  invention  or  a 
discovery  ought  surely  to  be  sought  in  the  number,  diversity,  and 
complexity  of  the  elements  of  thought  required ;  and  this  being  done, 
the  conclusions  arrived  at  will  probably  be  the  same  as  those  which 
the  author's  standard  will  give.  Thus  the  separate  condenser  of 
Watt  will  be  placed  far  above  his  parallel  motion ;  the  reflecting 

Suadraut  of  Hooke  and  Hadley  above  the  joint  of  Uie  former ;  and 
irther,  we  presume,  the  condenser  will  be  placed  above  the  nautical 
quadrant, — but  of  this  we  are  not  quite  sure. 

Our  limits  allow  us  to  refer  to  only  one  more  topic ;  and  that  we 
are  obliged  to  hurry  over.  This  topic  is  polarization  "Mains 
had  already,  in  the  end  of  1808,  announced  a  property  of  light  which, 
if  not  absolutely  new,  was  entirely  so  with  reference  to  the  circum- 
stances in  which  it  was  produced*  The  polarization  of  light  was 
in  reality  discovered  by  Huygens  previous  to  1680.  He  had 
observed  that  the  two  rays  into  which  common  light  is  divided  in 
passing  through  Iceland  spar  have  a  singular  diversity  of  character, 
which  Newton  afterwards  described  as  an  opposite  polarity.  *  * 
A  definite  notion  of  such  a  distinction  may  be  formed  by  imagining 
a  musical  string  vibrating  at  one  time  in  a  vertical,  at  another  in  a 
horizontal  plane.  If  we  could  possibly  imagine  light  to  consist  of 
vibrations  of  this  description,  the  two  rays  of  Iceland  spar  might  be 
conceived,  the  one  to  vibrate  in  a  plane  passing  through  the  axis  of 
the  crystal,  the  other  in  a  plane  perpendicular  to  that.  Such  light 
might  truly  be  said  to  have  acquired  the  property  of  having  tides. 
In  the  language  of  Newton,  it  is  polarized. 

The  discovery  of  Malus  consisted  in  showing  that  light  may  acquire 
properties  identical  with  those  of  either  ray  yielded  by  refractioil 
through  Iceland  spar,  by  the  very  simple  process  of  simple  reflect 
tion  at  a  particular  angle  from  any  transparent  body.  Thus,  for  a 
surface  of  water,  he  found  this  angle  to  be  52°  45'  with  the  perpen- 
dicular, and  for  glass  54°  36'."  (Art.  479.)  It  was  subsequently 
shown  by  Sir  David  Brewster  that  the  tangent  of  the  angle  is  always 
equal  to  the  refractive  index  of  the  substance.  '<  Sir  David  Brew* 
ster's  genius  was  first  called  forth  by  the  announcement  of  Malus*8 
great  discovery,  in  1808,  of  the  polarization  of  light  by  reflection. 

*  *  *  From  this  time  (1813)  Sir  David  Brewster  became  a 
regular  contributor  to  the  London  Philosophical  Transactions,  which, 
as  well  as  those  of  Edinburgh,  contain  a  series  of  elaborate  experi* 
mental  investigations  due  to  him,  which  have  hardly  been  surpassed. 

*  *   *     To  him  are  due 

**  I.  The  laws  of  polarization  by  reflection  and  refraction,  and  other 
quantitative  laws  of  phenomena. 

^'  IL  The  discovery  of  the  pidariziAg  stmetore  induced  by  heat 
a&dpreBsore.  k  2 
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<*  III.  The  diseoveiy  of  crystals  with  two  axes  of  double  refnction, 
^. 

**  IV.  The  laws  of  metallk  reflection. 

^'  V.  Experiments  on  the  absorption  of  light."  (Arts.  521-524.) 

Here  we  must  close  onr  extracts.  We  have  time  to  mention  onlj 
the  lucid  exposition  of  the  beautiful  theory  of  Toung  and  FresDel, 
of  the  discovery  of  circular  polarization  by  the  latter,  and  of  that 
of  depolarization  by  Mains  and  Arago. 

These  investigations  have  suooeeded  in  rendering  light,  which,  in  the 
days  of  Newton,  was  hardly  comprehended  at  all,  now  the  most  fami- 
liarly understood  of  the  elements  of  nature.  But  ie  there  no  analogy 
in  these  respects  between  heat  and  light  ?  That  luminous  heat  should 
exhibit  many  of  the  properties  of  light  it  was  natural  to  expect :  bat 
does  the  same  apply  to  non- luminous  heat?  The  brilliant  and  con- 
vincing discoveries  of  Melloni  and  Forbes  leave  no  doubt  about  the 
matter.  We  subjoin  a  few  extracts  from  the  Report  on  BadiantHeat 
presented  by  Professor  Powell  to  the  British  Association  in  1 840. 

'<  Professor  Forbes  took  up  the  inquiry  in  November  1834. 

*^  (1.)  He  proved  distinctly  the  stoppage  of  a  considerable  propor- 
tion of  heat,  when  the  tourmalines  were  crossed — ^with  brass  heated 
below  luminosity. 

*'  (2.)  In  the  third  section  of  the  same  memoir  (Edin.  Trans,  vol. 
xii.)  he  details  his  researches  on  the  polarization  of  heat  by  refraction 
and  reflection. 

*'  (3.)  In  the  fourth  section,  the  author  enters  on  the  modifications 
which  polarized  heat  undergoes  by  the  intervention  of  crystallized 
plates  between  the  polarizing  and  analyzing  plates  of  the  apparatus." 

On  the  1st  of  February  1836  Professor  Forbes  announced  to  the 
Boyal  Society  of  Edinburgh  that  he  had  that  day  succeeded  in  estab- 
lishing the  circular  polarziation  of  heat— even  when  unaccompanied 
by  light — by  direct  experiment.  This  was  shortly  followed  up  by  the 
establishment  of  elliptic  polarization.  Thus  the  analogy  between 
heat  and  light  was  shown  to  be  complete. 

We  shall  conclude  these  remarks  in  Professor  Poweirs  words  r 

''  The  sole  and  undisputed  credit  of  first  unequivocally  establishing 
the  grand  facts  of  the  polarization  ofheat^  even  from  non-luminous 
sources,  by  transmission  through  mica,  through  tourmaline,  and  by  re- 
flection, together  with  the  peculiar  and  invaluable  property  of  mica 
split  by  sudden  heating  (a  fact  holding  a  parallel  rank  with  that  of 
the  diathermancy  of  rock  salt)  ;  depolarization  of  heat ;  its  con- 
sequent double  refraction  and  interference ;  its  circular  and  eUiptie 
polarization;  its  length  of  wave,  and  the  production  of  that  wave 
by  transverse  vibrations ;  the  confirmation  of  the  circular  polariza- 
tion by  the  rock-salt  rhomb,  and  the  peculiar  efiects  of  metallic  re- 
flection; these  constitute  the  unquestionable  claims  of  Professor 
Forbes." 

We  hope  that,  as  soon  as  justice  to  the  subscribers  to  the  Ency- 
clopsedia  shall  permit,  the  Dissertation  will  be  republished  in  an 
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octa7o  form ;  and  we  feel  sure  it  will  find  a  lasting  place  amcmgst 
the-Btandard  scientific  works  of  the  present  age. 

Elements  of  Chemistry^  Theoretical  amd  PracOcah  By 
William  Allen  Miller,  M.D.,  F.R.S.,  &c.,  Plrofessor  of 
Chemistry  in  King's  College^  London. 

Pabt     I.   Chemical  Physics^  1855. 
Part   II.  Inorganic  Chemistry^  1856. 
Part  III.  Organic  Chemistry ^  1857. 

In  oar  early  student  dajs,  the  date  of  which  we  shall  not  stop  to 
define,  the  text-books  in  use,  though  they  might  in  some  cases  be 
called  itfanuaZff,  were  never  Hand-books,  but  rather  Arm-books,  which 
had  to  be  squeezed  firmly  between  elbow  and  side,  when  carried  to 
and  from  lodgings  and  class-rooms.  These  unhandy  volumes  were 
also  costly,  at  least  as  measured  by  the  depth  of  a  student's  purse, 
for  none  of  them  could  be  procured  for  less  than  a  guinea,  and  many 
cost  more.  By-and-by,  all  at  once,  publishers  seemed  to  discover 
that  '*  a  great  book  is  a  great  evil,"  and  fell  to  producing  compact 
volumes  within  the  grasp  of  the  most  boyish  hand,  and  costing  only 
about  half  the  sum  which  was  charged  for  the  ponderous  tomes  of 
the  earlier  era.  The  change  was  welcomed  by  all,  except,  perhaps, 
the  authors  and  proprietors  of  the  supplanted  big  books.  Teachers 
felt  firee  to  require  the  poorest  students  to  provide  themselves  with 
text-books.  Students  no  longer  hunted  the  book-stalls  for  cheap 
ancient  editions  of  some  Megabiblon  which,  in  its  last  issue,  differed 
as  much  from  its  first  development  as  a  tiger-moth  does  firom  a  hairy 
caterpillar.  The  lecturer,  if  he  missed  in  the  new  Finger-book, 
such  ample  expositions  of  favourite  topics  as  filled  pages  of  the  old 
Arm-books,  felt  that  he  would  have  reason  to  congratulate  himself  if 
his  pupils  knew  thoroughly  the  contents  of  the  smallest  of  the  smaller 
volumes.  The  pupil,  if  he  thought  there  was  room  for  still  further 
omission  and  condensation,  acknowledged,  nevertheless,  after  count- 
ing the  pages,  that  in  the  course  of  a  session  he  might  master  them 
all.     So  far,  unusual  contentment  for  a  season  prevailed. 

Meanwhile,  however,  as  fast  as  the  text-books  were  growing 
smaller,  the  sciences  of  which  they  treated  were  growing  larger. 
Physiology  would  not  cease  expanding- because  Mr  A.  must  raise 
the  price  of  his  Hand-book  if  he  added  another  sheet  to  it ;  nor 
would  Chemistry  stand  still  because  Mr  B.  had  stereotyped  his  last 
edition.  What  was  to  be  done  in  these  circumstances  \  To  bring 
out  text-books  on  the  same  science,  of  different  kinds,  and,  there- 
fore, of  different  sizes  and  prices,  so  as  to  suit  different  classes  of 
students.  Our  publishers  have  done  this  to  the  full.  If  text-books 
are  wanting  on  any  subject  which  interests  a  considerable  number 
of  readers,  it  is  through  defect  of  authors,  not  of  publishers.     The 
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work  before  us  is  a  bappj  compromise  between  such  higlilj-oon- 
densed  treatises  on  Ghemistrj  as  that  of  Professor  Fownes,  and  such 
would-be  exhausdye  Thesauri  as  Gmelin's  misnamed  many-volumed 
Hand-book.     Both  of  these  are  excellent  in  their  way ;  the  former 
amply  sufficient  for  the  ordinary  wants  of  the  student  of  medidne, 
for  whom  it  is  chiefly  intended ;  the  latter  a  storehouse  of  reference 
for  men  of  all  professions  who  have  an  interest  in  Chemistry.     But 
Fownes  is  too  brief,  and  Gmelin  too  diffuse,  besides  being  too  un- 
wieldy and  unmanageable,  to  suit  a  great  and  increasing  class  of 
students,  who  seek  to  acquire  a  large,  though  not  an  exhaustiTe,  ao- 
quaintance  with  the  s^Sience  of  which  the  works  in  question  treat. 
To  them  Professor  Miller's  three  volumes  will  be  most  acceptable. 
He  is  Professor  in  a  College  where,  besides  students  of  medicine, 
students  of  law,  of  theology,  of  agriculture,  of  engineering,  and  of 
the  military  art,  attend  lectures  together.     The  first-named  may  be 
the  most  numerous,  but  are  not  more  zealous  chemical  students  than 
many  of  the  non-medical  pupib,  who,  moreover,  have  generally  more 
time  to  devote  to  the  study  of  chemistry.     The  authcnr  has  thus  had 
experience  of  a  diversified  class  of  students,  and  has  written  for 
each  section  of  them.     His  work  is  in  reality  three  works  in  as 
many  volumes,  each  so  independent  of  the  others  that  it  may  be 
consulted  as  a  separate  treatise.     The  first  volume,  that  on  Chemical 
Physics,  is  the  most  remarkable;  we  have  noVival  work,  indeed,  in  the 
language.     It  discusses  chemical  affinity,  weight,  measure,  molecular 
force,  elasticity,  cohesion,  adhesion,  crystallizatton,  light,  heat,  elec- 
tricity, and  magnetism.     Those  subjects,  no  doubt,  are  considered  in 
treatises  on  Natural  Philosophy,  and  as  departments  of  physics  have 
monographs  of  great  value  devoted  to  each  of  them ;  but  we  know  no 
single  work  which  discusses  them  as  they  are  discussed  here,  and  it 
is  of  great  importance  to  students  of  chemistry,  to  have  in  their  hands 
a  discussion  of  physics  from  the  chemist's  point  of  view. 

The  second  volume  is  devoted  to  the  range  of  subjects  included 
under  Inorganic  Chemistry  :  the  third  embraces  the  immense  and 
difficult  subject  of  Organic  Chemistry,  and  furnishes  a  truly  admirable 
exposition  of  its  vast  and  intricate  details* 

It  would  not  be  more  foolish  to  show  a  brick  as  the  sample  of  a 
palace,  than  to  quote  sentences  from  Professor  Miller's  elaborate  work 
as  indices  of  its  excellence.  But  as  microscopic  observers  have  certain 
Ce9t-objects  by  which  they  try  the  powers  of  new  microscopes,  so 
there  are  certain  subjects  which  afford  tests  of  the  expository  skill 
of  chemists  and  physicists.  Let  the  reader,  for  example,  try  Pro- 
fessor Miller  on  the  Laws  of  Combination,  the  Classification  of  Crys- 
tals, the  Polarization  of  Light,  Electrolysis,  Actinism,  the  Consti- 
tution of  Salts,  the  Metallurgy  of  Iron,  the  Assay  of  Silver,  Organic 
Analysis,  the  Alcohols  and  their  derivatives,  the  Organic  Bases, 
Homologous  Series,  the  Nutrition  of  Animals,  and  the  Notation  and 
Nomenclature  of  €krbardt.  In  addition,  let  him,  after  the  ^hion 
of  the  Scries  Vir^iancs,  take  several  dips  at  random  between  the 
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leaTeSi  and  read  whateyer  pages  thus  open  to  view.  He  will  come, 
we  beliere,  to  as  favourable  a  conclusion  regarding  the  merits  of 
Professor  Miller's  work  by  this  process,  as  we  have  arrived  at  by 
steady  travelling  from  title-page  to  finis  in  each  volume.  Three 
qualities  have  specially  attracted  us,  as  characterising  Professor 
Miller's  expositions: — judicial  sagacity  and  impartiality  in  stat* 
ing  and  comparing  conflicting  doctrines  or  arguments ;  undeviat- 
ing  lucidity  in  describing  phenomena  or  discussing  laws ;  and  a 
literary  grace  which  makes  his  book  very  pleasant  reading.  The 
first  of  those  qualities  gives  his  work  that  eclectic  character  which 
should  be  found  in  every  comprehensive  text-book.  The  second  is 
the  merit,  without  which  all  other  merits  are  meritless,  in  a  treatise 
for  learners.  The  third  is  not  indispensable,  as  much  profitable 
study  of  unattractive  Grerman  and  English  authors  has  satisfied  us, 
and  we  suppose  all  men.  But  there  is  no  reason  why  French 
scientific  treatises  should  be  the  only  graceful  ones,  as  our  author 
practically  illustrates.  He  has  wisely  judged  that  the  intrinsic 
difficulties  of  his  text  are  sufficiently  great,  without  adding  to  them 
the  adventitious  darkness  of  an  involved  syntax  and  an  obscure  style, 
and  without  one  line  of  "  fine"  writing,  has  made  his  book  most 
pleasant,  as  well  as  most  profitable  in  perusaL 
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Royal  Society  of  Edinburgh. 

Monday,  lit  December  1856.— The  Right  Rev.  Bishop  Tebbot,  Vice- 
President,  in  the  Chair.    The  foUowiag  Communications  were  read : — 

1.  Opening  Addre$8,    By"Bishop  Tskkot. 

2.  On  the  Minute  Structure  of  the  Involuntary  Muscular  Tissue.  By 
JossPB  LisTKB,  Esq.,  F.R.C.S.  £ng.  and  Edin.  Communicated  by  Dr 
Chbistison. 

In  this  paper  the  author  describes  the  discovery  made  in  1847  by  Pro- 
fessor Koluker,  that  involuntary  muscular  fibre  is  capable  of  being  re- 
solved into  nucleated  elements,  supposed  to  be  of  the  nature  of  elongated 
cells,  and  hence  termed  '*  contractile"  or  "muscular  fibre-cells."  He 
then  notices  a  paper  by  Professor  Ellis  of  University  College,  London, 
in  which  that  distinguished  anatomist  expresses  his  belief  that  ^^  the  fibres 
are  long,  slender,  rounded  cords  of  umform  width,"  and  that  the  nuclei 
'^  appear  to  belong  to  the  sheath  of  the  fibre."  The  author  then  proceeds 
to  describe  the  involuntary  muscular  tissue  as  it  preseuts  itself  in  two 
situations  where  he  has  recently  examined  it,  namely,  the  minute  arteries 
of  the  frog's  foot  and  the  small  intestine  of  the  pig.  He  finds  that  in 
these  organs  the  involuntary  muscular  tissue  is  composed  of  slightly  flat- 
tened, e&ngated  elements,  with  tapering  extremities,  each  provided  at  its 
central  and  thickest  part  with  a  single  cylindrical  nucleus  imbedded  in  its 
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rabstanee.    Professor  Eolliker^s  acooant  of  the  tissue  is'  thus  oompletelx 
confirmed  in  these  two  instances. 

It  farther  appears,  &om  what  has  been  seen  in  the  pig's  intestine,  that 
the  mnscalar  elements  are,  on  the  one  hand,  capable  of  an  extraordinaiy 
degree  of  extension,  and,  on  the  other  hand,  are  endowed  with  a  marr^- 
lous  faculty  of  contraction,  bj  which  they  may  be  reduced  from  the  con- 
dition of  yeiy  lonff  fibres  to  that  of  almost  globular  masses.  In  the  ex- 
tended state  they  have  a  soft,  delicate,  and  usually  homogeneous  a^peet^ 
which  becomes  altered  during  contraction  by  the  supervention  of  highly 
refracting  transverse  ribs,  which  grow  thicker  and  more  approximated  aa 
the  process  advances.  Meanwhile  the  *'  rod-shaped"  nucleus  appears  to 
be  pmched  up  by  the  contracting  fibre,  till  it  assumes  a  slightly  oval 
form,  with  the  longer  diameter  transversely  placed. 

The  author  furwer  remarks,  that  these  properties  of  the  oonstitnent 
elements  of  involuntary  muscular  fibre  explain  in  a  very  beautiful  man- 
ner the  extraordinary  range  of  contractility  which  characterizes  the  hol- 
low viscera. 


Monday,  15th  December  1856. — ^Professor  Ohbistisok,  V.P.,  in  the 
Chair.    The  following  Communications  were  read : — 

1.  On  the  Ovum  and  Yming  Fish  of  the  Salmonidee,    By  Wiluam 

Atbton,  Esq.    Communicated  by  Professor  Aumax, 

2.  Notice  of  the  Venda^ce  of  Denoentwater,  Cumberland^  in  a  Letter  «cf- 

dreseed  to  Sir  WUliam  Jardine,  Bart.    By  John  Davt,  M JO. 

(See  Number  of  this  Journal  for  April  1857,  p.  347.) 

3.  On  the  Races  of  the  Western  Coaste  of  Africa,  By  Colonel  Lukx 
Smyth  O'Connob,  C.B.,  Qovemor  of  the  Gambia.  Communicated  by 
Professor  SIslland. 


Monday^  19th  January  1857.^-The  Right  Rev.  Bishop  Tkbbot,  V.P.,  in 
the  Chair.    The  following  Cummunications  were  read : — 

1.  On  the  Application  of  the  Theory  of  Probabilities  to  the  question  of 
the  Combination  of  Testimonies,  By  Professor  Boole.  Communicated 
by  Bishop  Tebbot. 

2.  On  New  Species  of  Marine  Diatomaceee  from  the  Firth  of  Clyde  and 
Loch  Fine,  By  Professor  QaEGORT.  Illustrated  by  numerous  draw- 
ings, and  by  enlarged  figures,  all  drawn  by  Dr  Gbeville. 

3.  Short  Verbal  Notice  of  a  simple  and  direct  method  of  Computing  the 

Logarithm  of  a  NunWer.    By  Edwabd  Sang,  Esq. 


Monday,  2d  Fdyruary  1857.— The  Right  Rev.  Bishop  Tebkot,  V.P.,  in 
the  Chair.    The  following  Communications  were  read : — 

1.  On  the  Urinary  Secretion  of  Fishes,  with  some  remarks  on  this  secre* 
tion  in  other  classes  of  animals.  By  John  Davt,  M.D.,  F.R.S.,  Lon^. 
don  and  Edinburgh. 

The  urinary  secretion  of  fishes,  the  author  believes,  has  hitherto  re- 
ceived so  little  attention  owing  to  certain  difiioulties  attending  its  investi- 
gation. He  brings  forward  the  few  and  imperfect  observations  he  has 
made,  with  the  hope  of  inducing  others  more  favourably  situated  to  pro- 
secute the  inquiry. 

The  fishes  ne  has  examined  in  quest  of  their  urinary  secretion  have  been 
fifteen ;  of  those  with  a  urinary  bladder  he  found  a  fluid  only  in  three, 
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the  Peroh,  Ling,  and  Ra^;  and  in  those  withont  this  organ,  only  in  two,, 
in  their  ureter^-4ho8e  of  the  Pike  and  Turbot. 

His  experiments  to  ascertain  the  composition  of  the  secretion  were  at- 
tended mostly  with  negative  results.  In  one  instance,  that  of  the  Pike, 
he  detected  lithic  add ;  in  some  others  there  were  initications  of  the  pre- 
sence of  urea  in  the  fluid  urine. 

The  conclusions  he  ventures  to  draw  are,  that  the  secretion  is  small  in 
quantity,  mostly  liquid,  and  that  urea  or  some  other  analogous  nitrogenous 
compound  is  its  principal  ingredient. 

2.  On  the  Reproductive  Economy  of  Moths  amd  Bees  i  "being  an  Account 
of  the  Results  of  Von,  Siebolds  Recent  Researches  in  Parthenogenesis, 
aj  Professor  GlooDsm. 

(See  Number  of  this  Journal  for  April,  p.  319.) 

3.  On  the  Principles  of  the  Stereoscope ;  and  on  a  new  mode  of  exhibit" 

ing  Stereoscopic  Pictures.    By  Dr  W.  Macdonald. 

Monday,  16ih  February  1857. — ^Dr  Ohristison,  Y.P.,  in  the  Chair. 
The  following  Communications  were  read  :*-^ 

1.  On  the  Crania  of  the  Kajffirs  and  Hottentots^  and  the  Physical  and 

Moral  Cfuxracteristics  of  these  Races,    By  Dr  Black,  F.Q.S. 

2.  On  a  Roche  MoutonnSe  on  the  swmmit  of  the  range  of  hills  separat- 
ing Loch  Fyne  and  Loch  Awe,  In  a  ktt^  from  the  Duke  op  ^Uioyll 
to  Professor  Fobbbs. 

What  appears  to  me  to  be  the  peculiarity  of  the  *' Boche  Moutonn^e'^ 
I  am  now  about  to  describe,  is  its  position,  forcing  us  to  seek  for  its  ex- 
planation in  causes  with  which  the  physical  geography  of  the  country  can 
have  had  comparatively  little  to  do.  On  going  to  one  of  the  h^^hest 
points  on  the  ridge  separating  Loch  Fyne  and  Loch  Awe  (probably  about 
1800  feet  above  the  level  of  the  sea),  during  last  autumn,  I  was  surprised 
to  observe  dose  to  the  summit  so  remarkable  an  example  of  a  well-rounded 
surface  of  rock  as  to  attract  my  attention  from  a  considerable  distance. 
The  direction  £rom  which  the  abrading  force  has  acted  is  about  N.N.E. 
It  has  passed  over  a  lower  shoulder  in  its  way — lower  by  about  100  feet ; 
but  the  effect  is  strongest  upon  the  rocks  of  the  main  peak  itself,  and 
especially  upon  one  or  two  prominent  faces  within  twenty  or  thirty  feet 
of  the  summit.  Above  this  it  may  be  observed  sloping  off,  as  it  were, 
with  diminished  force,  over  successive  ledges  towaros  tiie  top,  until  it 
passes  dose  behind  the  very  highest  point,  leaving  that  point  itself  ap- 
parently untouched.  I  need  hardly  say,  that  in  this  case  glacier  action  is 
impossible.  Even  if  this  hill  had  itself  been  the  seat  of  the  glader,  it 
could  only  have  been  snow  so  near  the  summit.  There  is  one  explanation 
which  immediately  suggests  itself  to  the  mind,  and,  however  difficult  it 
may  be  to  realize  the  conditions  which  it  involves,  it  is  the  only  one  which 
it  seems  to  me  to  be  possible  to  sug^st.  It  is  that  this  peak,  when  sub- 
ject to  that  grinding  force,  was  a  rocky  islet  just  appearing  above  the  sur- 
face of  a  glacial  sea,  and  that  floating  icebergs,  drifting  from  the  north- 
eastward, were  constantly  grounding  upon  its  sides. 

3.  On  M,  J,  Nickles'  claim  to  be  the  Discoverer  of  Fluorine  in  the  Blood. 
By  Gbobge  Wilson,  M.D.,  F.R.S.E.,  Regius  Professor  of  Technology 
in  the  University  of  Edinburgh. 

A  communication  was  made  to  the  French  Academy,  at  its  meeting  on 
the  3d  of  November  1856,  by  M.  J.  Nidd^,  entitled  **  Presence  du  Fluor 
dans  le  Sang."  From  the  tenor  of  M.  NiokUs'  remarks,  it  would  seem 
that  he  was  not  aware  that  the  existence  of  fluorine  in  the  blood  was  an- 
nounced by  me  in  1846>  and  specially  demonstrated  in  1850 ;  nor  is  he 
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■flqiiaiBted  with  tbe  feieanhet  which  others  besides  myself  hmve  made  la 
this  ootmtry  and  in  Ameiios^  into  the  disfribation  of  fluorine  thxoqghoul 
the  different  kingdoms  of  nature. 

My  neearches  haye  been  ehieflj  puUished  in  the  *'  Transaetions**  of 
this  Society,  and  of  the  British  Association,  bat  haye  been  broogfat  in 
part  before  the  Chemical  Society  of  London.  They  are  known  in  Ger* 
many,  Denmark,  Sweden,  and  America,  and  haye  been  referred  to  by 
many  authors  in  this  country.  It  is  reasonable,  accordingly,  to  infer  thiU 
some  knowledge  of  them  has  reached  Paris ;  and  it  might  have  been  sup* 
posed  that  they  had  not  altogether  escaped  the  notice  of  M.  Nickl^ 
whose  name  appears  on  the  title-page  of  the  Journal  de  Pharmaeie  et 
de  Chimie,  as  editing  the  department  of  that  work  entitled  '*  Une  reyne 
des  Travaux  Chimiques  publics  k  rEtranger." 

I  bring  no  charge,  however,  against  M.  Nicklds.  In  these  days  of  mul- 
tiplied mono|B;raphs  it  would  be  uigust  to  blame  any  man  for  ignorance  of 
a  single  series  of  special  researches.  Neverthdess,  seeing  that  tkia 
autbor^s  name  appears  on  the  title-page  of  the  Journal  de  PluMrmacU 
side  by  side  with  those  of  our  Vice-rresident  Dr  Christison.  as  its  Edin* 
bu^h  Correspondent,  and  of  Dr  Redwood,  the  Secretaxy  of  the  Cavendish 
Society,  as  its  London  Correspondent,  the  countrymen  of  M.  Nickles  may 
think  themselves  entitled  to  quote  the  legal  maxim,  *'  de  non  apparenti- 
bus  etde  non  existentibus  eadem  ratio,"  and  to  infer  that  what  of  reputed 
English  science  is  not  known  to  him,  does  not  exist  to  be  known.  Whilst* 
therefore,  I  wish  M.  NickUs  all  success  in  extending  our  knowledge  of  the 
organismal  distribution  of  fluorine,  I  ask  from  him,  now  that  he  is  made 
aware  of  the  fact,  aoknowled^ent  of  my  priority  in  reference  to  the  dis- 
covery which  he  specially  claims,  and  of  the  other  discoveries  whidi  the 
papers  referred  to  announce. 


Monday,  2d  March  1857.— The  Right  Rev.  Bishop  Tebxot,  V.P^  in  the 
Chair.    The  following  Communications  were  read  :— 

1.  On  the  Funct%on$  of  the  Spinal  Cord,    By  Professor  Huohes  Bxnhktt. 

The  object  of  Dr  Bennett's  communication  was  to  unite  two  separate 
kinds  of  research,  which  of  late  had  been  directed  towards  advancing  our 
knowledge  of  the  structure  and  functions  of  the  spinal  cord.  From  these 
it  would,  he  thought,  appear,  that  the  views  considered  to  be  so  firmly 
established  by  the  genius  and  labours  of  Charles  Bell  required  speat 
modification.  Dr  I^nnett  then  gave  a  sketch  of  these  views,  and  of  the 
present  opinions  of  physioloffists  regarding  the  functions  of  the  spinal 
cord.  He  indicated  certain  tacts  which  had  long  been  recognised  as  diffi- 
cult of  explanation  in  accordance  with  them.  He  Uien  described  the  re- 
sults of  several  experiments  by  M.  Brown-Sdouard  on  the  columns  of  the 
cord  in  living  animals,  whidi  he  himself  (Dr  B.)  had  witnessed,  and 
which  satisfied  him  that,  on  the  posterior  columns  being  cut  across,  in- 
crease of  sensibility  in  the  inferior  extremities  was  the  consequence,  in- 
stead of  paralysis.  He  also  described  the  discoveries  recently  made  in 
the  structure  of  the  spinal  cord,  by  Budge,  Kolliker,  Lockhairt  Clarke, 
Stilling,  Remack,  Wagner,  Van  der  Kolk,  Schiling,  Kupfifner,  and  espe- 
cially by  Owsjannikow.  Ho  pointed  out  how  the  structural  discoveries 
threw  light  on  the  experimental  ones,  and  from  the  whole  inquiry  drew 
the  following  conclusions :— < 

1.  Although  the  anterior  and  posterior  roots  of  the  spinal  nerves  may 
still  be  considered  motor  and  sensitive,  we  can  no  longer  apply  these 
terms  to  the  anterior  and  posterior  columns  of  tiie  cord. 

2.  The  fibres  in  these  oolomns  do  not  convey  impressions  directly  and 


ProeeedingB  of  Societies,  155 

eotttinuoQsly  to  the  brain  as  hitherto  rappofed,  bat  enter  the  gray  matter, 
and  operate  through  the  ganglionic  oells  of  that  matter. 

3.  That  all  so^^^ed  reflex  movements  are  carried  on  bj  a  definite  sys* 
tern  of  conducting  fibres  and  ganglionic  cells,  passing  through  the  grey 
matter ;  in  other  words,  they  are  diaataltie  and  not  reflex. 

4.  That  the  particular  fibres  and  cells  which  are  necessary  to  spinal 
diastaltic  acts  have  yet  to  be  discovered ;  so  that  a  new  field  of  inquiry  is 
opened  up  to  the  physiological  histologist. 

2.  On  the  Delta  of  the  Irrawaddy.     By  T.  Logtn,  C.E.,  Pegu.    Com- 

municated by  William  Swan,  £sq. 

3.  Notice  of  a  Collection  of  Maps,    By  A.  EL.  Johnston,  Esq. 


Mondays  IQth  March  1857.— Dr  Chkistison,  V.P.,  in  the  Chair.    The 
'  following  Communications  were  read  :— 

t  1.  Notice  respecting  Father  SecchVs  Statical  Barometer^  cmd  on  the 

\  Origin  of  the  Cathetometer,    By  Professor  Fobbes. 

>  (See  Number  of  this  Journal  for  April,  p.  316.) 

,  2.  History  of  an  Aneneephalic  Child.  By  Dr  Simpson. 

i  3.  On  certain  Laws  observed  in  the  Mutucd  Action  of  Sulphuric  Acid 

'  and  Water,    By  Balfoitii  Stewakt,  Esq.     Communicated  by  Dr  0. 

Wilson. 

'  The  object  of  this  paper  was  to  show  that  where  sulphuric  acid  com- 

bines with  water,  distinct  reference  is  made  to  certain  definite  compounds 
or  hydrates  of  sulphuric  acid. 

The  combination  of  these  two  liquids  is  attended  with  contraction  of 
volume ;  that  is,  the  volume  occupied  by  the  compound  is  less  than  the 
sum  of  the  volumes  occupied  by  its  ingredients  when  uncombined.  By 
means  of  a  simple  formula  (assuming  1*8485  to  be  the  specific  gravity  of 
strong  liquid  sulphuric  acid),  we  may  find  what  ought  to  be  the  specific 
gravities  of  the  different  strengths  in  Dr  Ure^s  table,  were  no  contraction 
to  take  place.    By  this  table  we  may  find  the  actual  specific  gravities  of 

\  such  mixtures ;  and  dividing  the  actual  or  observed  specific  gravity  by 

the  calculated  specific  gravity,  and  deducting  unity  from  the  quotient,  we 
have  the  proportional  condensation.  The  proportional  condensation  is 
greatest  for  strength  73  of  Dr  Ure's  table,  which  is  the  strength  of  a 
hydrate  composed  of  one  atom  of  liquid  acid  and  two  atoms  of  water. 

The  author's  experiments  confirmed  a  maximum  point  corresponding 
to  the  hydrate  HO,  SOs  +  15  HO,  and  showed  a  minimum  point  corre- 
sponding to  the  hydrate  HO,  SOs  +  6  HO.  In  conclusion,  the  author's 
results  were  briefly  stated  thus : — 

1.  The  points  of  elevation,  depression,  or  peculiarity  in  the  curve  of 
condensation,  denote  definite  compounds,  whatever  be  the  standard 
strength  used. 

2.  The  use  of  varying  the  standard  is  simply  to  render  such  points 
more  prominent,  or,  in  other  words,  to  convert  a  point  of  peculiarity  into 
one  of  elevation  or  depression,  as  the  case  may  be. 


Monday  J  ^th  April  1857  —Dr  Chbistison,  V.P.,  in  the  Chair.    The  fol- 
lowing Communications  were  read : — 

1.  On  the  Structure  of  Ptdicellina,    By  Professor  Allman. 
The  author  maintained  that  the  genus  Pedioelliua,  notwithstaading 
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the  circular  arrangement  of  its  tentacula,  does  not  properly  belong  to  the 
infimdibiilate  Polyzoa  at  all,  but  ia  in  reality  hippociepian,  of  whidi 
type,  however,  it  presents  a  remarkable  modification,  llie  intestine  at 
first  sight  appears  to  terminate  within  the  margin  of  an  orbicular  lopho 
phore,  and,  consequently,  within  the  cirde  of  tentacula,  and  thus  to  pre- 
sent a  striking  exception  to  the  admitted  plan  of  the  Polyzoa.  It  was 
shown,  however,  that  the  anomaly  which  thus  seems  to  exist  waa  only 
apparent,  for  the  lophophore,  when  carefulir  examined,  is  found  to  be 
constructed  on  the  hippocsepian  type,  with  the  tentacula  confined  to  the 
outer  or  convex  margin,  and  the  arms  of  the  crescent  united  at  their 
extremities  so  as  to  enclose  a  space,  around  which  the  tentacula  will  then 
be  arranged  in  an  uninterrupted  cirde,  and  within  which  the  intestine 
opens,  its  termination  being  thus  quite  normal,  and  properly  external  to 
the  lophophore. 

As  in  the  ordinary  hippocrepian  Polyzoa,  so  also  here  the  mouth  la 
furnished  with  an  epistome,  which,  however,  is  less  complete  than  in  the 
others,  and  not  provided  with  special  muscles ;  and  it  is  moreover  highly 
probable  that  the  calyx,  whicn  constitutes  a  universal  feature  in  the 
ordinary  hippocrepian  genera,  enters  here  into  the  composition  of  the 
peculiar  cup  which  surrounds  the  base  of  the  tentacula,  and  which  the 
author  believes  has  its  homology  in  a  permanently  inverted  portion  of 
the  endocyst,  united  externally  to  the  unmverted  endocyst,  and  mtemally 
to  the  calyx  and  tentacula. 

2.  On  a  Case  of  Lateral  Refraction  in  the  Island  of  Teneriffe,    By 

Professor  C.  Pi^zzi  Smtth. 

In  his  astronomical  visit  to  Teneriffe  last  summer,  the  author  was  in- 
structed to  inquire  into  the  lateral  oscillation  of  stars,  as  seen  by  Baron 
Von  Humbolot  in  his  ascent  of  the  mountain.  During  a  month's  residence 
on  the  place  of  the  alleged  observation  no  approach  to  anything  of  the 
sort  was  ever  noticed,  although  a  powerful  equatorial,  with  a  tw^Te-foot 
telescope,  and  high  magnifying  powers,  was  employed  to  detect  any 
irregularity  in  the  motions  of  the  stars.  The  author,  concluded,  therefore, 
that  the  anomalous  movements  described  by  Humboldt  could  not  have 
been  produced  by  any  general  or  cosmical  action  of  the  atmosphere,  or  of 
light  or  heat,  whidi  astronomers  were  bound  to  consider. 

3.  On  Insect  Vision  and  Blind  Insects,     By  Akdbew  Mubkat,  Esq, 

(This  Paper  appears  in  the  present  Number  of  this  JoumaL) 

4.  On  the  mode  in  which  Light  cbcts  on  the  Ultimate  Nervous  Str%u:tures 
of  the  Eye,  and  on  the  relations  between  Simple  and  Compowiid  Eyes, 
By  Professor  Goodsib. 

Since  the  publication,  in  1826,  of  Joh.  Midler's  Vergleichende  Physio- 
logic des  Gesichtssinnes,  physiologists  have  admitted  three  fundamental 
forms  of  the  organ  of  vision.  Ist^  The  eye- spot,  organized  for  the  mere 
perception  of  light.  2d,  The  compound  eye,  in  which  the  picture  on  the 
nervous  surface  is  a  mosaic.  3c2,  The  simple  eye,  in  which  the  retinal 
picture  is  continuous.  The  difference  between  the  simple  and  compound 
eye,  as  explained  by  Midler,  and  since  generally  admitted,  consists  in 
this,  that  the  formation  of  the  picture  in  the  simple  eye  is  the  result  of 
the  convergence  of  all  the  pencils  diverging  from  the  visible  points  of 
the  object  on  corresponding  points  of  the  retina,  by  means  of  the  len- 
ticular structures  of  the  organ ;  while,  in  the  eompound  eye,  the  picture 
is  formed  by  the  stopping  off,  by  means  of  the  constituent  crystalline 
columns  of  the  eye,  aU  rays  except  those  which  pass  in  or  near  the  axes 
of  the  columns.    The  extent  of  sur&ce  of  any  object,  and  the  number  of 
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separate  parts  of  such  surface,  represented  on  the  nervous  structure  of  a 
compound  eje^  will  vary,  therefore,  in  terms  of  the  distance  of  the  object, 
the  curvature  of  the  superficial  ocular  surface,  the  corresponding  inclina- 
.  tion  of  the  crystalline  columns  to  one  another,  the  size  of  their  individual 
transverse  sections,  and  their  lengths.  The  continuous  retinal  picture  in 
the  simple  eye  is  psychically  interpreted  as  a  continuous  image.  If, 
therefore,  the  possessor  of  a  compound  eye  perceives  a  continuous  image 
of  an  object,  it  must  be  the  result  of  a  more  complex  psychical  operation, 
in  virtue  of  which,  the  separate  portions  of  the  ocular  mosaic  picture  are 
psychically  combined,  and  interpreted  as  a  continuous  whole. 

The  successive  researches  of  Treviranus,  Gottsche,  Hannover,  Pacini, 
H.  Miiller,  and  KoUiker,  have  determined  the  existence  and  general 
structure  of  close-set  rods  or  columns,  which  extend  between  the  inner 
and  outer  surfaces  of  the  retina,  in  the  midst  of  the  nervous  and  vascular 
textures  of  that  membrane.  The  outer  extremities  of  these  rods  present 
a  crystalline  columnar  aspect,  and  constitute,  collectively,  the  external 
^  layer  of  the  retina,  usuidly  termed  Jacob's  membrane.    The  ultimate 

filaments  of  the  optic  nerve,  after  being  connected  in  a  plexiform  ar- 
rangement in  the  ganglionic  layer  of  the  retina,  terminate  each  inde- 
pendently in  the  more  perfect  portion  of  the  retinal  field,  by  passing  into, 
^  or  becoming  continuous  with,  the  inner  end  or  side  of  a  rod.    Kolliker 

considers  these  rods  as  nervous  structures,  that  is,  as  terminal  portions 
^  of  the  nerve-filaments  themselves,  and  holds  that  they  constitute  the  parts 

''  of  the  nervous  structure  of  the  eye  on  which  objective  light  primarily  acts. 

Having  myself  carefully  examined  the  structures  to  which  I  have  now 
alluded,  I  have  been  able  to  verify  the  more  important  anatomical  details^ 
as  described  by  their  discoverers,  and  agree  with  KoUiker  in  considering 
the  rods  as  the  primary  optic  apparatus.    I  cannot,  however,  coincide 
I  with  this  distinguished  observer  in  holding  these  rods  as  modified  nerve 

(  filaments.    I  hold  them  to  be  special  structures  appended  to  the  extre- 

i  mities  of  the  ultimate  nerve  filaments,  and  referable  to  the  same  category 

as  the  Pacinian  bodies,  touch-corpuscles,  rods  of  Gorti,  &c. ;  and,  more- 
over, so  far  am  I  from  coinciding  with  Kolliker  in  his  speculations  as  to 
the  part  of  the  rod  on  which  the  objective  light  acts,  that  I  have  found 
c  myself  compelled,  not  only  from  the  consideration  of  the  structures  them- 

;  selves,  but  also  from  the  development  of  the  eye  itself^  and  the  arrange- 

ments of  the  compound  eye,  to  conceive  the  rays  of  light  as  acting  upon 
the  retina,  not  as  they  impinge  upon  it,  or  pass  through  it  from  before,  but 
as  they  pass  backward  agam  out  of  the  eye  after  reflection  from  the  choroid. 
The  general  aspect  of  the  rods,  and  more  especially  of  those  portions 
termed  Mnllerian  filaments,  where  they  collectively  amalgamate  in  the 
limitary  membrane  of  the  retina,  indicate,  as  I  believe  will  be  generally 
!  admitted,  that  they  consist  of  a  modification  of  connective  tissue,  enve- 

loping and  supporting  the  extremities  of  the  ultimate  nerve  filaments  in 
such  a  manner  as  to  K>rm  special  structures,  which,  fiom  their  Amotions, 
i  mAY  he  termed  photcBsthetic  bodies. 

i  That  special  structures  are  required  for  the  initiation  of  action  in  the 

filaments  of  the  optic  nerve  by  objective  light,  appears  to  be  established 
by  the  facts,  that  the  nervous  filaments  of  the  retma,  and  the  cut  extre- 
j  mities  of  these  filaments  on  the  stump  of  the  optic  nerve,  are  not  afiTeoted 

;  by  it,  although  irritation  of  the  pame  filaments  by  electrical  or  other 

means  produces  subjective  luminous  phenomena.    Subjective  sounds  may 
be  produced  by  various  modes  of  irritation  ;  bat  actual  sonant  vibrations 
can  only  excite  the  acoustic  filaments  through  the  medium  of  the  rods  of 
t  Corti,  or  the  corresponding  terminal  structures  in  the  vestibule.    Gorre- 

f  spending  terminal  structures  are  in  like  manner  appended  to  the  tactile^ 

I  Olfactory,  and  gustatory  nerves,  apparently  for  a  similar  purpose,  to  pro- 

t  vide  the  necessary  conditions  of  the  initial  excitement  of  tne  nervous  cur- 


> 
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rent  bj  thoae  secondary  properties  of  external  bodies  to  which  the  oTgant 
of  touch,  taste,  and  smell,  are  related. 

When  the  attention  of  anatomists  was  directed,  a  few  jears  ago,  to  the 
stracture  and  physiological  signification  of  the  columns  of  the  retina  by 
the  obserTations  of  H.  MiiUer  and  KoUiker,  I  became  satisfied  that  those 
structures  are  not,  as  the  latter  asserted,  nervous  structures,  properly  so 
called,  but  special  structures,  of  the  same  nature  as  the  Pacinian  bodies 
and  the  tactile  corpuscles.  I  stated  and  explained  my  opinion  of  the 
nature  of  these  bodies  in  a  lecture  on  the  retina  delivered  and  reported  in 
1854.  But  I  had  generalized  these  relations  of  nervous  filaments  to  special 
terminal  exciting  structures,  still  further,  in  the  zoological  lectures  whidi 
1  delivered  in  1853,  for  my  late  distinguished  colleague  and  preceptor 
Professor  Jameson.  I  also  expounded  it  at  considerable  length  in  my 
course  of  lectures  last  winter  (1855-6).  I  shall  now  state  the  doctrine 
in  general  terms,  not  only  because  it  is  necessary  for  the  elucidation  of 
the  distinctive  characters  of  the  simple  and  compound  forms  of  eye ;  but 
also  because  I  am  anxious  to  put  on  record,  by  submitting  it  to  this  so- 
ciety, a  generalization  which  appears  to  me  of  primary  importance  In 
the  general  physiolofl^  of  the  nervous  system.  I  assume,  as  established, 
the  doctrine  of  Du  Bois  Raymond,  that  a  nerve  filament  is  capable  of 
propagating  the  nervous  current  equally  well  in  both  directions  ;  and  that 
the  physical  and  physiological  characters  of  this  current  differ  in  no  re- 
spect, are  in  fact  identical  in  the  so-called  motor  and  in  the  so-called  sen- 
sory filaments,  whether  special  or  common.  I  also  assume  as  established 
that  the  specific  manner  m  which  a  centripetal  nerve  current  is  converted 
at  the  central  extremity  of  the  filament,  that  is  to  say,  is  physiologically 
reflected  into  motor  filaments,  or,  psychically  interpreted  as  sensation, 
depends  upon  the  physiological  or  psychical  endowments  of  the  different 
portions  of  the  nervous  centre  with  which  tiie  filaments  are  connected* 
These  two  positions  being  assumed,  then,  I  hold  that,  although  the  ulti- 
mate nervous  filament  may  have  its  functional  current  (that  is  the  common 
nervous  current)  excited  or  initiated  by  electrical  or  other  physical  or 
chemical  agencies,  yet  this  current  can  only  be  initiated  or  excited,  for 
the  special  functional  purposes  for  which  each  nervous  filament  is  pro- 
Tided  in  the  economy,  by  the  structure  or  tissue  with  which  such  filament 
is  connected  peripherally.  If  so,  then,  not  only  are  the  individual  fila- 
ments of  the  nerves  of  special  sense  provided  with  current-exciting  struc- 
tures at  their  peripheral  extremities,  by  means  of  which  alone  the  objects 
to  which  they  are  related  can  initiate  the  nerve  current ;  but  also  centri- 
petal nerve  filaments  of  whatever  kind,  are  provided,  in  their  connection 
with  the  textures  from  which  they  proceed,  with  arrangements,  by  means 
of  which  alone  their  functional  currents  can  be  initiated. 

From  this  point  of  view  every  particular  structure  in  the  organism  from 
which  nervous  filaments  proceed  to  the  nervous  centre,  may  be  oonsidered 
with  reference  to  the  nervous  system,  as  a  peripheral  nervous  organ,— 
that  is,  an  organ  capable  of  exciting  or  initiating  centripetal  nerve  cur- 
rent ;  which  is  physiologically  converted,  or  psychically  interpreted  at  the 
corresponding  central  organ,  according  to  the  special  endowments  of  that 
central  organ. 

After  this  preliminary  statement,  I  am  in  a  position  from  which  I  can 
explain  the  mode  in  which  I  understand  the  structure  and  actions  of  the 
rods  of  the  retina  in  the  simple,  and  the  columns  in  the  compound  eye. 

1.  In  the  nmple  eye.-^A  ray  of  light  can  only  impress  an  ultimate 
retinal  nervous  filament  under  certain  conditions.  These  conditions  are, 
that  it  should  impinge  upon  the  distal  extremi^  of  the  filament  in,  or 
parallel  to,  the  axis  of  that  filament,  or  within  a  certain  angle  to  that  axis. 
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AU  rays  impinging  on  tlie  distal  extremity  of  an  nltim&te  retinal  ner- 
Yons  filament  nnckr  the  conditions  stated  I  term  photogenic  rays.     Rays 
impinging  upon,  or  passing  through,  the  filament  in  any  other  direction, 
may  be  termed  aphotogenic.    The  distal  portion  of  the  ultimate  retinal  ' 
nerrous  filament,  I  distinguish  as  the  photasstTietic  surface. 

In  order  that  the  ultimate  retinal  nervous  filament  may  be  subjected  to 
the  rays  of  light  under  the  required  conditions  of  vision,  its  distal  ex- 
'  tremity  or  photsesthetic  surface  is  inclosed  in  a  peculiar  structure,  consist- 
ing of  a  so-called  rod  or  cone  (which  I  distinguish  as  the  crystalline 
column),  and  its  appended  MiiUerian  filament,  with  its  nuclear  enlarge- 
ments. This  structure  constitutes  a  specific  kind  of  peripheral  nervous 
organ,  which,  from  its  function,  I  term  a  photcesihetic  hody. 

A  photaesthetic  body  consists  of  a  distal  segment,  or  dioptric  portion, 
elongated,  cylindrical,  or  club-shaped,  homogeneous,  transparent,  and 
highly  refractive,  usuallv  termed  the  rod  or  cone  ;  and  a  proximal  seg- 
ment or  peduncle,  with  its  nuclear  enlargements,  into  which  the  ultimate 
nervous  filament  passes,  and  within  whidi  it  apparently  terminates,  pro- 
bably at  its  outer  end. 

The  entire  aspect  and  arrangement  of  these  photsesthetic  bodies,  their 
predominance  over  the  other  parts  of  the  retina  at  the  axial  spot  of  the 
eye,  and  the  direct  continuity  of  their  stems  with  the  nerve  filaments  at 
that  spot,  appear  to  me  to  indicate  not  only  the  nature  of  their  functions, 
but  also  the  general  features  of  the  mode  in  which  it  is  efiected.  It  ap- 
pears to  me  that  the  rays  which  act  upon  the  nervous  filaments  must  be 
such  rays  as  the  arrangement  permits  to  pass  from  behind,  forwards  in 
the  axes  of  the  photaesthetio  bodies.  It  has  now  been  ascertained,  that 
the  quantity  ot  light  reflected,  and  consequently  irregularly  dispersed 
within  the  eye-baS.  from  the  choroid,  and  bacillary  layer,  &o.,  is  very 
considerable  ;  and  It  consequently  becomes  a  very  important  question,  to 
determine  in  what  manner  this  reflected  and  irregularly  dispersed  light  is 
prevented  from  afiecting  the  retina.  The  yiew  which  I  have  already 
ffiven  of  the  structure  and  probable  mode  of  action  of  the  photaesthetic 
bodies  afibrds  the  basis  of  a  hypothesis  which  meets  all  the  conditions  of 
the  Question,  and  is  in  full  aoconianoe  with  the  comparative  anatomy  and 
deyelopment  of  the  organ  of  vision.  I  cannot  interpret  the  functions  of 
the  structure  of  the  retina  as  now  determined,  except  by  assuming  that 
the  photsesthetic  columns  are  impressed  not  by  the  light  as  it  enters  the 
eye,  or  as  it  is  more  or  less  irregularly  reflected  and  dispersed  in  its  in- 
terior, but  only  by  those  rays  which,  m  their  passace  backwards  to  the 
pupil  pass  along,  or  nearly  in,  the  axes  of  the  crystalline  rods  or  columns 
of  the  photaesthetic  bodies,  so  as  to  reach  the  photsesthetic  spots  under  the 
required  conditions.  No  confusion,  therefore,  can  result  from  the  multi* 
tude  of  convergent  and  divergent  rays  which  pass  through  the  chamber  of 
the  eye,  and  through  the  retina.  By  this  means,  the  numerous  rays  not 
necessary  for  vision,  are  as  it  were  eliminated  from  the  operation,  the 
eye  being  blind  to  them,  and  afiected  only  by  such  as  are  reflected  back- 
wards to  the  pupil  along  the  axes  of  the  crystalline  columns. 

2.  The  Crystalline  Columns  of  the  Compound  Eye. — ^As  stated  in  my 
lecture  on  tne  retina,  formerly  alluded  to,  I  conceive  the  crystalline 
columns  in  the  eye  of  the  insect  or  crab,  to  act  in  the  same  manner  as  the 
retinal  rods  in  the  spheroidal  or  simple  eye.  That  they  do  so  may  be 
held  as  established  by  the  researches  of  J.  Mliller  on  the  laws  of  yision  in 
the  compound  eye.  Miiller  even  refers  to  the  columnar  structure  of  the 
retina,  as  presenting  a  certain  similarity  to  the  structure  or  arran^ment 
of  the  compound  eye.  F.  Leidig,  in  an  elaborate  memoir  publiuied  in 
Mailer's  Ardiiy,  in  ld55>  on  the  structure  generally  of  the  Arthropoda^  ex* 
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amines  minutelj-the  straeture  of  the  simple  and  compound  eyes,  and 
arrives  at  the  oondosion  that  the  crystalline  columns  oi  their  oomponnd 
ejes,  as  well  as  the  corresponding  structures  in  their  so-called  simple  eres 
or  ocelli,  are  of  the  same  nature  as  tho  so-called  rods  and  oones,  that 
is,  the  photsBsthetio  bodies  which  I  haye  already  described  in  the  re- 
tina of  the  vertebrate  eye.  But  Leidig  entirely  loses  sight  of  a  &cty 
which,  if  unexplained,  vitiates  his  conclusion  as  to  the  physiological  iden- 
tity of  the  bodies  in  question.  In  the  annulose  or  molluscous  eye,  whe- 
ther in  its  so-called  simple  or  compound  form,  the  crystalline  oolomns 
are  directed,  like  the  tubes  of  so  many  telescopes,  towards  the  object,  the 
corresponding  nervous  filaments  passing  to  them  from  behind ;  whereas 
the  crystalline  rods  of  the  vertebrate  retina  are  directed  away  from  the 
object,  that  is,  towards  the  back  of  the  eye — are  in  contact,  in  fact,  with 
the  choroid,  while  their  nervous  filaments  are  connected  to  them  in  front, 
that  is,  between  them  and  the  object. 

On  the  other  hand,  if  I  am  correct  in  holding  that  the  vertebrate  eye  ia 
acted  upon  by  those  rays  only  which  are  reflected  firom  its  choroid^ 
surface,  I  have  not  only  explained  physiologically  wh^  its  retinal  columns 
are  reversed,  but  I  am  legitimately  entitled,  as  Leidig  is  not,  to  consider 
them  as  the  homologues  of  the  crystalline  columns  of  the  annulose  and 
molluscous  eye. 

But  the  teleological  explanation  of  the  opposite  arrangement  of  the 
corresponding  structures  in  the  vertebrate  and  invertebrate  eye,  is,  in  the 
present  phase  of  the  science,  insufficient.  The  difference  must  be  ex- 
plained morphologically.  This  explanation  is  afforded  by  the  different 
modes  in  which  the  vertebrate  and  invertebrate,  that  is,  the  simple  and 
compound  eyes  are  developed. 

In  the  compound  eye  the  primordial  ocular  papilla  or  convexity,  which 
is  only  slightly  protuberant,  has  its  cutaneous  or  superficial  suiiace  im- 
mediately converted  into  the  crystalline  columnar  structure,  the  individaal 
columns  of  which  are  connected  with  the  filaments  of  the  subjacent  optic 
nerve.     The  columns  are  all  therefore  directed  to  the  object. 

The  primordial  cerebro-cutaneous  spheroidal  protuberance  or  papilla  of 
the  simple  refracting  or  vertebrate  eye,  is  speedily  hollowed  out  in  front 
by  the  development  in  or  upon  it  of  the  lens  and  vitreous  humour,  so  that 
from  a  spheroidal  convex  surface,  the  primordial  protuberance  assumes 
the  form  of  a  cup,  with  its  mouth  directed  forwards,  and  its  cavity  occu- 
pied by  the  refracting  media  of  the  organ.  This  cup-shaped  mass  w  the 
retina ;  the  crystalline  rods  are  not  developed  on  its  concave  surface,  but 
on  its  outer  or  convex  surface,  as  they  exist  on  the  convexity  of  the  com- 
pound eye,  that  is,  in  the  direction  of  the  radii  of  the  sphere,  but  directed 
backwards,  on  account  of  the  nearly  spheroidal  surface. 

In  conclusion,  I  may  state  what  appears  to  be  the  physiological  superi- 
ority of  the  simple  over  the  compound  eye.  As  the  simple  eye  is  acted 
on  by  reflected  light  only,  it  cannot  be  disturbed  by  rays  not  required  for 
the  definition  of  the  image.  It  is  also  arranged  so  as  to  admit  of  a  much 
more  delicate  or  minute  mosaic  representation  of  the  object,  from  its 
microscopic  and  reversed  photsesthetic  bodies  being  in  contact  with  the 
reflecting  choroidal  surface  on  which  that  image  is  rormed.  It  moreover 
oombines  the  advantages  of  the  contiguous  image,  formed  by  the  lenticular 
structures,  and  the  mosaic  image,  which  results  from  its  crystalline  rods. 


Monday^  20th  April  1857.— Dr  Christison,  V.P.,  in  the  Chair.    The 

following  Communications  were  read :— ^ 

1.  On  the  recently  discovered  Glacial  Phenomena  of  Arthur's  Seat  and 
j3ali8hury  Crags.    By  Robert  Chambers,  Esq. 
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i.  Ona  Dynamical  Tap,  for  exhibiting  the  Phenomena  of  the  Motion  of 

a  System  of  Invariable  Form  about  a  Fixed  Point;  with  some  Sug- 

(fesiions  as  to  the  Earth's  Motion.    By  Professor  Clerk  Maxwell. 

The  top  is  an  mstroment  similar  to  that  exhibited  by  the  author  at  the 
meeting  of  the  British  Association  in  1856.  It  diifers  from  it  in  being  of 
smaller  size  and  entirely  of  brass,  except  the  ends  of  the  axle ;  and  in 
having  six  horizontal  adjusting  screws  and  three  vertical  ones,  instead  of 
four  of  each  kind. 

Tt  consists  of  a  hollow  cone,  with  a  heavy  ring  round  the  base,  and  an 
axle,  terminating  in  a  steel  point,  screwing  through  the  vertex.  In  the 
ring  are  the  nine  adjusting  screws,  and  on  the  axle  is  a  heavy  bob,  which 
may  be  fixed  at  any  height. 

By  means  of  these  adjustments  the  centre  of  gravity  of  the  whole  is 
made  to  coincide  with  the  steel  point,  and  the  axle  of  the  top  is  made  one 
of  the  principal  axes  of  the  central  ellipsoid. 

The  whole  theory  of  the  spinning  oi  such  a  system  about  its  centre  of 
gravity  depends  on  the  form  of  Poinsot's  eUipsoid  corresponding  to  the 
particular  arrangement  of  the  screws.  The  top  is  intended  to  exhibit 
those  cases  in  which  the  three  axes  of  this  ellipsoid  are  nearly  equal.  In 
these  cases  the  instantaneous  axis  is  never  far  from  the  normal  to  the  in- 
variable plane,  which  we  may  call  the  invariable  axis.  This  axis  is  fixed 
in  space,  but  not  in  the  body ;  for  it  describes,  with  respect  to  the  body^ 
a  cone  of  the  second  order,  whose  axis  is  either  the  greatest  or  the  least 
of  the  principal  axes  of  inertia. 

To  observe  the  path  of  the  invariable  axis  in  the  rapidly  revolving 
body,  we  must  have  the  means  of  recognising  the  part  of  the  body  through 
which  it  passes  at  any  time.  For  this  purpose  a  disc  of  card  is  placed 
near  the  upper  end  of  the  axle.  The  four  quadrants  of  this  disc  ar& 
painted  red,  yellow,  green,  and  blue,  and  various  other  marks  are  added ; 
so  that  by  observing  the  colour  of  the  spot  which  appears  the  centre  of 
motion,  and  the  diameter  of  the  coloured  spot,  the  position  of  the  invari- 
able  axis  in  the  body  at  any  instant  may  be  known,  and  its  path  traced  out 

This  path  is  a  conic  section,  whose  centre  is  in  the  principal  axis.  If 
that  axis  be  the  greatest  or  least,  it  is  an  ellipse  with  its  major  axis  paral- 
lel to  the  mean  axis.  If  the  axle  of  the  top  be  the  mean  axis,  the  patk 
is  an  hyperbola  as  projected  on  the  disc. 

When  the  axle  is  the  axis  of  greatest  inertia,  the  direction  of  motion 
in  the  ellipse  is  the  same  as  the.  direction  of  i^otation^  When  it  is  the 
axis  of  least  inertia  these  directions  are  opposite.  AU  these  results  may 
be  deduced  &om  Poinsot's  theory,  and  verified  by  means  of  the  ooloured 
disc. 

The  theory  of  precession  may  be  illustrated  by  this  top  in  the  way 
pointed  out  by  Mr  Elliot,  by  bringing  the  centre  of  gravity  to  a  point  a 
mtle  below  or  above  the  point  of  support. 

The  theory  and  experiments  with  the  top  suggest  the  question-— Does 
the  earth  revolve  accurately  about  a  principal  axis?  If  not,  then  a 
change  of  the  position  of  the  axis  will  take  place,  not  in  space,  but  with 
respect  to  the  earth,  so  that  the  apparent  positions  of  stars  with  respect 
to  the  pole  will  remain  the  same,  but  the  latitude  of  every  place  will  un-* 
dergo  a  periodic  variation,  whose  period  is  about  325  days.  To  detect 
this  variation,  the  observations  of  Polaris  with  the  Greenwich  transit 
circle  for  four  years  have  been  examined.  There  appeared  some  doubt- 
ful indications  of  a  variation  not  exceedipg  half  a  second.  A  more  ex- 
tensive investigation  would  be  required  to  determine  accurately  the  period, 
and  the  epoch  of  maximum  latitude  at  a  given  observatory,  which  must 
depend  on  the  longitude  of  the  station,  as  the  pole  of  the  '^  invariable** 
axis  travels  round  the  mean  axis  from  west  to  east. 

KBW  8BRIS8.— -VOL.  VI.  HO.  I.— JULY  1867.  L 
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^  On  the  iru4  SifftU/lcaiHon  of  eeriam  B^iirodueHv$  PftenooMna  #»  ihi 

PoUfzoa,    By  Dr  Allmak. 

When  tbe  repfrodaetire  phenomena  of  Alc^oneOft,  at  manifeited  Iwth 
in  geounation  and  trne  generation,  are  Tiewed  in  thdr  proper  leqiienee, 
thej  will  be  found  to  present  a  series  of  acts  which  admit  of  an  obYioas 
comparison  with  the  dais  of  phenomena  commonly  known  as  tiie  *^  alter- 
nation of  generations." 

From  the  fecundated  ovum  an  embryo  is  produced  in  the  ordinary  way 
after  the  segmentation  of  the  yitellus.  In  this  embryo,  which  presents 
at  first  the  form  of  a  locomotiye  ciliated  sac,  sexual  organs  are  nerer 
directly  deYeloped,  but  there  are  produced  within  it  b^  a  process  of  gtm* 
^nation  the  following  series  of  zooids.  1.  A  polvprae,  which,  like  the 
containing  sac,  is  essentially  nonsexual,  and  wiiich  is  eminently  organ- 
tied  for  the  functions  of  digestion.  2.  A  peculiar  bud,  at  first  undistin- 
guishable  from  the  pol3rpide-bud,  but  which  never  develops  digestive 
orffans,  and  is  soon  seen  to  be  filled  with  proper  ova,  each  wiUi  its  germi- 
Bu  vesicle  and  germinal  spot.  This  body  may,  in  accordance  with  com- 
mon usage,  be  <»lled  the  ovary  of  the  zooid  firom  which  it  is  developed, 
but  since  it  is  produced  from  this  zooid  in  the  manner  of  a  bud,  exactly 
as  the  polypide  is,  it  may  itself  be  fairly  viewed  as  a  unisexual  sooid,  in 
which  the  whole  organization  becomes  subservient  to  the  reproductive 
function,  while  all  the  other  functions  and  their  special  organs  become 
masked  and  suppressed  by  the  dominant  development  of  the  organization 
destined  foi*  generation.  3.  Another  unisexual  bud  developed  upon  the 
polypide,  endowed  with  a  male  function  and  commonly  cdLed  the  testis, 
but  truly  a  distinct  zooid,  with  its  whole  organization  rendered  aubeer- 
vient,  as  in  the  ovary  bud,  to  generation.  4.  A  nonsexual  bud  of  pecu- 
liar form  (the  statoblast)  also  develox>ed  from  the  polypide. 

The  essential  features  in  the  reproductive  phenomena  just  enumerated 
present  themselves  in  an  indefinitely  repeated  series,  where  the  first  smd 
ust  terms  of  each  cycyle  consist  in  a  fecundated  oviun,  and  the  interme- 
diate terms  in  a  succession  of  gemmss. 

4.  On  the  Destructive  Dietillation  of  Anifnal  Matters,    Part  IV.     By 

Dr  Anderson,  Glasgow. 
$,  Analyiie  of  Specimens  of  Ancient  British^  of  Red  Indian^  and  of 

Bomcm  Pottery,    By  MmutAT  Thomson. 

Andmt  BritUh  Pottery, 
Siiiea,  ....  62-49     61'24    61-86 

Alomina,       ....  18*29    12*46    12-87 

Fsrozide  of  iron,  containing  phosphates  \ 

correspoDding  to  1*01  Phoeph.  Acid,  I    18*19    18*94    18*66 

and  also  a  teacs  of  manganese.  J 

Listie,  ....  4*86 


MagnedSy 
So&, 
Potass, 

Organic  matter, 
Water, 


060 
306 
0-56 
214 
4-70 


6*13 
1*64 
2*97 
0*78 
2-33 
4*76 


4*99 
112 
301 
0*66 
2*23 
4*73 


99*87  100-26  100-23 

Oyihbeway  Pottery. 

SUica, 

42*70 

43*60            43*16 

Alumina,    . 

22-71 

22-12            22*41 

Peroxide  of  iron,    . 

10-68 

10*03            10-30 

Lime, 

1*83 

1-46              1-89 

Magnesia, 

2*60 

2*88              2-74 

Organic  matter. 

10*28 

10*10            10*01 

Water, 

9*79 

9*99              9-89 

100*19 


100*18         100186 


I^-odeedifi^  €f  So^MieB.  16d 

•Limr9nt  Red  B<mmk  vr  Smaitm  Wmn, 

MDlica, M-78 

Fbrozide  of  iroa,  oontoining  pboeplUitM  )  o  i  ^^q 

eorresponding  to  0-42  Ptaospk.  Add,   J  ^^^^ 

Alumina,           .....  8*74 

Lime,     ......  12-67 

MagneBifty          .....  1*33 

Water,               .....  1-26 

100-21 

6.  Thecny  cf  Unavr  r«&metbn«.     Part  YL     AlligaUd  Ft6r<tf«9lw. 

By  Edwasd  Sano. 

This  part  of  the  paper  contains  an  inquiry  into  the  action  of  a  Tibrat- 
ing  Ixxiy  upon  a  linear  elastic  serieSy  as  lepresentative  of  the  aetion  of  a 
•ound-emittinff  substance  upon  the  air. 

The  general  conclusions  are  these  :-*That  the  observed  phenamctta  of 
sound  are  inconsistent  with  the  supposition  of  a  perfectly  ekstie  yibratory 
medium,  and  that  either  the  yiscidity,  or  some  as  yet  unknown  quality  of 
the  air,  has  to  do  essentially  with  the  production  of  those  phenomena^  so 
that  any  analysis  in  the  present  state  of  our  preparatory  knowledge  must 
be  fhtile.  And  that  the  undulatory  theory  of  Sght  is  altogether  conjec- 
tural, since  far  from  Imowing  how  one  supposed  wave  would  influence 
another,  we  do  not  yet  know  anything  of  the  manner  in  which  such  waves 
can  be  formed  at  all. 


Royal  Phyeical  Society. 

Wednesday,  26th  J^wember  18d6«— Robibt  Chammim,  Esq., 

President,  in  the  Chair. 

1.  Opening  Addresi.    By  RoBxat  Ohaiois&s,  Esq. 

2.  On  Hydractinia  Eehinate.    By  T.  Stssthill  Weight,  M.D. 

(See  Number  of  this  Journal  for  April,  p.  298.) 

d.  On  the  Structure  and  Habits  of  the  Slow  Worm  (Anguis  firaffilis, 
Linn.).  By  Daniel  R.  RAimuf,  Esq.,  Carluke.  Communicatea  by 
Professor  Flbmino. 

(See  Number  of  this  Journal  for  Januaryf  p.  102.) 

4.  Description  of  New  Insects  from  Quito,    List  of  Old  Calahcur  Insects, 

By  Ahdkbw  MuiuiAT,  Esq.,  W.S. 

(See  Number  of  this  Journal  for  April,  p.  220.) 

Br  John  Axex.  Smith  exhibited  the  cranium  of  a  red  de&r(pervus  «2a- 
phus)^  which  showed  an  interesting  variety  in  the  deyelopment  of  ita 
antlers ;  the  right  antler  being  without  bran&es,  and  13  inches  in  length ; 
and  the  left  16i  long  with  its  first  branch,  or  brow  antler  (as  it  is  com- 
monly termed,  £rom  projecting  over  the  brow),  6|  inches  long,  but  in  this 
case  rising  from  the  back  part  of  the  horn,  at  about  two  inches  from  its 
base,  and  projecting  backwards.  It  was  believed  to  be  of  great  age,  and 
the  horns  may  show  an  accidental  variety  depending  on  th^  canae.  The 
stag  was  recently  shot  at  the  Doune  of  Bothiemurchus  by  Lord  Alexander 
RusseU,  to  whose  politeness  the  Society  was  indebted  for  its  ezhibitioti. 
Dr  Smith  also  exhibited  a  Mkbbit,  tak^n  in  a  trap  near  Camwath,  in  the 
beginning  of  this  month,  and  kindly  sent  to  bun  by  Mr  John  Dielcson, 
gunmaker,  Pii&oto  Street,  from  the  aingnhfrity  of  the  extreme  length  of 
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the  for  on  the  upper  part  of  its  body.  The  peenlimritj  was  believed  to 
be  dependent  on  the  rabbit  beinga cross  with  an  escaped  indiTidiial of 
the  long-haired,  so-called  Bossian  rabbits,  which  are  mqnenti/  kept  17 
rabbit  fanciers. 


Wednesday,  2^th  December  1856.~This  meeting  was  itdjouned,  owing 
to  the  death  of  Mr  Hugh  Miller  on  the  morning  of  that  day. 

Wednesday,  28th  January  1857.— W.  H.  Lowe,  M.D.,  Pwsident, 

in  the  Chair.  ^ 

The  Pbbsident  opened  the  business  of  the  meeting  with  some  remarb 
on  the  loss  which  the  Society,  and  sdeilce  in  general,  had  sustained  in 
the  death  of  Mr  Hugh  Miller. 
L  Observations  in  British  Zoophytology  .-^-l,  Clara  (three  new  apecw)- 

2.  Eudendrium  jUwo  new  species).     Illustrated  by  Specimens  ana 

Drawings.    By  T.  Stbethill  Weight,  M.D. 

(This  Communication  is  printed  in  the  present  Number  of  this  Journal) 

2.  Notice  ofDredgings in Lamlash Bay.  By  Robeet K.  Gbbville, LLD. 
Dr  GEEyiij.E  gave  a  sketch  of  the  results  of  the  dredgings  carried  on 

in  Lamlash  Bay  last  sunmier,  by  the  Rev.  Dr  Miles  and  himself,  as  a 
Committee  of  the  British  Association,  and  stated  that  they  would  be  pnb- 
lished  in  their  Transactions.     He  laid  on  the  table  tabulated  lists  of  m^ 
rine  animals  taken  in  that  locality,  referring  particularly  to  some  of  tw 
more  interesting  species,  and  believed  that  locality  to  be  pretty  nearly 
worked  out.     He  mentioned  that  this  last  season  seemed,  from  some  un- 
known cause,  to  have  been  genendly  unfavourable  to  the  inquirers  m 
this  department  of  natural  history,  from  the  unusual  rarity  of  ^J^ 
animals.    Dr  Greville  then  gave  some  interesting  details  of  the  habits 
various  marine  creatures,  including  several  species  of  small  fishesi  as  0 
served  by  him  in  a  large  vivarium  in  Arran,  adding,  that  he  bebeveo 
this  way  we  would  ultimately  be  enabled  to  acquire  a  very  eomps 
knowledge  of  the  habits  of  many  most  inteiestiii^  species. 

3.  On    the  Prehensile  Apparatus   of  Spio  setioomis.     By  Tho>w» 

Steethill  Weight,  M.D. 
(This  Communication  is  printed  in  the  present  Number  of  this  JournaLj 

4.  Ornithological  Notices.    By  John  Alex.  Smith,  M.D.    (8peamiSD» 

were  exhibited.) 

5.  Notes  on  the  British  ^ecies  of  Patella,  /row  infortiuUion  communi- 

cated by  Dr  Knapp.    By  Andeew  Mcebat,  Esq.,  W.S. 
The  object  of  this  paper  was  to  point  out  a  venr  marked  variety  01 
Patella  vulgata,  which  had  been  found  by  Dr  Knapp  in  Guernsey  1^ 
Jersey.    It  was  ]principally  characterized  by  its  rich  yellow  or  ^.^ 
creamy  colour  inside,  its  more  depressed  form,  and  more  P^°*"^?*l.^nd 
white  at  the  top.    A  very  fine  series  of  species  both  of  this  variety 
the  other  British  species  of  PateUa  was  exhibited.     NotwithstancWig^ 
marked  peculiarities,  Mr  Murray  considered  it  only  a  variety  of  *' 
gata^  and  proposed  to  call  it  P.  vulgata,  var.  intermedia. 

Wednesday,  ^5th  February  1857.— Professor  Balpoto,  President,  J» 
the  Chair.    The  following  Communications  were  read ' — 

1,  Onthe genus  Ateuchus  (the  Egyptian  Scarabseus),  and  ^^^^^^uer. 
rican^  representoHves^  toith  descriptions  of  new  species  of  t1^*^ 
(Specimens  were  exhibited.)    By  Akdebw  Mueeat,  Esq.  W-o* 
Mr  Mnxray  commenced  by  referrii^  to  the  interest  which  attaehea 
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ibis  gTOQp  of  beetles,  from  its  having  been  an  object  of  veneration  to  the 
ancient  Eg^ians,  and  sculptared  so  firequently  on  their  ancient  monn- 
ments*  He  exhibited  a  series  of  specimens  of  these  antiques,  and  pointed 
ont  that  it  was  quite  easy  to  distinguish  to  which  species  thej  ought  to  be 
referred.  Those  specimens  exhibited  all  belonged  either  to  Ateuchu$ 
tacer^  or  Ateuchus  laticolli$.  He  detailed  seTeral  interesting  anecdotes 
connected  with  their  habits,  and  their  wonderful  instinct  of  making,  roll- 
ing, and  burying  balls  of  excrementitious  matter,  generally  containing 
their  eggs.  He  also  explained  their  eeoCTaphical  distribution,  show- 
ing that  they  were  confined  to  the  Old  World,  but  possessed  representa- 
tives in  South  America  (known  under  the  generic  name  of  Eucranium), 
bearing  a  very  close  affinity  to  a  South  African  species  {Pachysoma  J^scvr- 
lapei).  He  concluded  by  describing  some  new  species,  of  these  South 
American  beetles,  which  he  had  received  through  the  kindness  of  Dr  Stark 
of  Edinburgh,  to  whom  they  had  been  sent  £rom  the  deserts  of  Cordova, 
by  Mr  Black,  a  very  zealous  naturalist  (son  of  our  respected  member  for 
the  city),  who  is  now  ia  Chile. 

2.  On  the  Contemporaneoits  Geological  Age  of  the  ^*  Mountatn"^  and 
'*  Burdiehouse^*  Limestone  Beds  of  the  Linlithgowshire  Coal- Field* 
By  Andrew  Taylor,  Esq. 

The  object  of  Mr  Taylor's  communication  was  to  describe  f^  geological 
section  in  the  Bathgate  Hills — ^taken  from  Dechmont  Laws  to  Balbardie 
House,  in  which  a  limestone  containing  fresh- water  fossils,  and  equiva- 
lent to  the  one  worked  at  Burdiehouse,  gradually  merged  into  another 
limestone  containing  marine  fossils,  which  is  usually  recognised  as  the 
lowest  bed  of  the  carboniferous  series. 

3.  (1.)  Notice  of  the  occurrence  of  Apophyllite  at  Ratho.  (Specimens 
were  exhibited.)  (2.)8ection8^  of  Lepidostrobi  were  exhibited.  By 
Alexandbr  Brtson,  Esq. 

4.  Notice  of  a  Discoifery  of  DiatomacesB  in  the  Marl  of  Waitnean  and 
Brakegoe,  near  Wick^  Caithness-shire.  By  Charles  W.  Peach,  Esq., 
Wick. 

6.  (1.)  Notice  of  the  Horn  of  a  Reindeer  (Cervus  tarandus,  Linn,),  found 
in  Dumbartonshire,    By  John  Alexander  Smith,  M.D. 

At  the  dose  of  last  session,  I  exhibited  to  the  Society  several  shells 
and  a  deer^s  horn,  which  had  been  recently  found  during  the  excava- 
tion of  a  cutting  on  the  Forth  and  Clyde  Junction  ludlway.  My 
friend,  James  Macfarlane  of  Balwill,  Esq.,  knowing  the  district  well, 
was  kind  enough  to  draw  up  at  my  request  a  ^*  memorandum,"  formerly 
read  to  the  Society  ;  and  I  have  since  been  furnished  with  some  additional 
information.  The  locality  in  which  the  horn,  shells,  and  fragments  now  on 
the  table  were  found,  immediately  adjoining  the  hamlet  of  Croftamie, 
situated  in  the  county  of  Dumbarton,  parish  of  Kilmaronock,  in  the  basin 
of  the  river  Endrick  (which  flows  into  Loch  Lomond),  and  at  a  distance  of 
nearly  a  mile  from  that  river,  and  about  four  miles  from  the  nearest  part 
of  Loch  Lomond.  The  superincumbent  mass  consisted  first  of  the  vege- 
table mould,  then  of  a  stiff  till  about  twelve  feet  thick,  containing  a  large 
quantity  of  stones,  some  of  a  round  form,  apparently  water- worn,  others 
angular,  and  many  of  them  of  a  great  size.  Under  the  till  was  a  bed  of 
blue  clay  about  seven  feet  thick,  and  at  the  lower  part  of  this  bed,  and 
close  upon  the  sandstone  rock,  the  horn  was  dug  out  of  the  clay  at  the 
depth  of  about  eighteen  feet ;  and  at  a  few  yards^  distance  the  shells  were 
found  in  a  similar  position,  Ijring  at  a  depth  of  about  twenty-one  feet 
from  the  surface,  the  ground  cut  through  rising  a  little  higher  at  that 
part.    As  nearly  as  can  be  calculated  nom  the  railway  plans  and  sec- 
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k,  tiksw  Mouhii  lar  &on  100  to  103  ftet  aboTO  tlte  l0Td  of  Mw  M& 
Tba  diditefmtitMo£tkB  foUoinmg  wp»Mi:^-Cjfpn»aul<tmdiea,AalarU 
eiiipiiea,  and  ^.  compreMO,  Fumu  imtt^w,  ^'MmtM  HUorw,  and  tiM 
■k«Il<r  MM  of  a  apeciet  of  BdIoimh.  They  axe  all  narine  nwciea,  at  pn- 
unt  inhabituig  the nekhbonring sea*.  I  pteTiaaalynoticedtheiri^Mtkn 
to  bed*  of  mariiie  abBllji  fonnd  near  the  shore*  of  Jjoek  LoDtond,  point 
in^  to  a  total  change  in  the  oharaotet  of  the  diatriet,  wben  Loch  Lomond 
eziited  ai  an  arm  of  the  iea>  But  into  ILis  ubjeflt  I  do  not  again  enter, 
nj  commnnieation  now  referring  to  the  deei'a  horn  (which  I  exhibit),  tb« 
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other  object  of  interest  fonnd  in  the  railwav  cnttin^.  The  horn  waa  nip- 
powd  at  fint  to  be  limplj  that  of  a  red  deer,  which,  from  being  water- 
rolled,  had  become  smooth.  The  Society,  however,  woold  remember  I 
stated  that  I  was  inclined  to  consider  it  ai  belonging  to  the  rtindeer.  It 
is  a  fr^jmeut  of  the  horn  of  the  right  side,  and  hu  been  broken  oS 


a  seoond  antler,  or  tine,  at  which  part  the  hom  is  much  compressed  in  its 
character,  the  origin  of  the  antler  being  quite  flattened ;  beyond  this  we 
tiBve  the  smooth  and  rounded  beam,  becoming  again  comprised  and  an- 
gular at  the  upper  part,  where  it  is  broken  across.  The  hom  is  small, 
meaauring  11^  inches  in  length,  and  one  inch  in  breadth  nudwaj*  between 
the  origins  of  the  antlers.  The«e  characters  all  agree  cIoselT  with  the 
horn  of  the  reindeer.  Since  the  meeting  of  the  Society,  at  which  it  waa 
previously  exhibited,  I  have  been  anzioualy  seeking  for  small-eized  homa 
of  the  reindeer  to  compare  with  it,  and  at  laet  was  fortunate  enough  to  get 
the  horns  of  a  young  or  female  reindeer,  of  the  American  variety.     I  ei- 
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fizliiVit  these  honia,  and  tlie  Society  will  at  onoe  see  the  revy  dose  feeem- 
blanoe  between  them.  (I  am  indebted  to  T.  B.  Johnston,  Esq.,  for  kindly 
fayonring  me  with  the  annexed  carefbl  drawing,  which  shows  the  relation 
between  this  broken  horn,  and  the  perfect  horns  of  the  recent  reindeer.) 
And,  to  set  this  matter  completely  at  rest,  I  then  forwarded  the  horn  to 
oar  great  authority  in  fossil  remams,  Professor  Richard  Owen  of  London , 
who  favoored  me  with  the  following  reply :— "  It  gives  me  pleasure  to  in- 
form you  that  the  portion  of  antler  firom  the  basin  of  the  Endrick,  wliich 
YOU  sent  for  my  inspection,  is  of  a  young  or  female  reindeer  of  the  ezist- 
\  inff  species,  and  if,  as  is  most  probable,  a  female,  of  the  large  variety 

ca&ed  '  Carabou'  by  the  Hudson's  Bay  trappers."  Professor  Owen,  in 
his  valuable  "  History  of  British  Fossil  Mammals,"  refers  to  two  in- 
stances of  the  cranium  or  horns  of  the  reindeer  being  foand  in  Eng- 
land. The  only  instance  described,  as  far  as  I  am  aware,  of  its  occur- 
rence in  Scotland,  is  that  recorded  by  Dr  Scouler  of  Glasgow,  in  the- 
'' Edinburgh  Philosophical  Journal"  of  18^,  p.  135.  This  consisted  of 
a  portion  of  the  distinctive  palmated  brow-antler.  I  have  much  pleasure, 
therefore,  in  recording  anotiier  instance  of  the  remains  of  this  animal-— 
now  so  exclusively  a  native  of  the  more  northern  parts  of  Europe  and 
America — ^beingfonnd  in  Scotland. 

(2.)  NoteB  on  the  Wood  Sandpiper  (Tetanus  glareola,  Temm.)  Shot  in 
Mid-Lothian,    ay  John  Alex.  Smith,  M.D. 

Wednesday,  25th  March  1857. — Andrew  Muksat,  Esq.,  W.S,,  Pre- 
sident, in  the  Chair.    The  following  CommunicatLons  were  read  :-^« 

1.  On  the  Oeoloffy  of  the  NeigM>owrhood  ofEUe.    By  the  Rer.  Walvhs 

Wood,  A.M.,  Elie. 

The  paper  was  confined  to  a  view  of  the  relations  between  the  trap  and 
I  tlie  sedimentary  rocks,  as  displayed  on  the  shore.    The  prevailing  trap 

f  rock  has  been  commonly  called  trap  tuffa,  but  is  known  by  the  local  name 

of  ^  LecL"  It  is  uniformly  stratified,  and  never  ooours  superimposed 
upon  the  Coal  Measures.  The  alternate  patches  of  the  two  rocks  are  sepa- 
rated by  faults  filled  va^  by  waske  and  fragments  of  sandstone.  Hence  it 
would  appear  that  the  **  Leek"  had  at  ene  time  uniformly  covered  the 
sedimentary  rocks ;  that  the  mass  had  been  broken  up  by  faults ;  and 
then  by  denudation  the  whole  of  the  tufia  had  been  removed,  except  such 
portions  as  had  sunk  to  a  lower  level. 

3.  Analy 919  of  Three  Waters  from  Palettine,  viz.:  The  Wccter  of 
Marah  :  the  Hot  Springs  of  Tiberias ;  the  Baths  of  Pharaoh,  By 
Allen  Dalzell,  M.1>. 

^  The  waters  in  question  had  been  sent  to  the  College  Laboratory  by  Dr 

^  Stewart  of  Leghorn,  by  whom  they  were  brought  from  the  Holy  Land. 

^  The  first  water  Dr  Dalzell  wished  to  mention  was  from  a  spot  little  visited 

by  travellers,  on  the  western  side  of  the  Sinai  peninsula,  and  was  believed 
by  Dr  Stewart  to  be  the  ^  Marah"  of  Scripture.  As  taken  £rom  its  source 
it  was  found  by  that  gentleman  to  be  charged  witii  sulphuretted  hydrogen. 
The  Marah  water,  as  he  received  it,  had  a  specific  gravity  at  eO"*  of  1008*5, 
and  contained  1400  grains  of  solid  matter  in  tiie  imperial  gallon.  The 
following  showed  the  nature  and  proportions  of  the  constitu^t  salts  :-— 

Chloride  of  sodium  ....  40-725 

Sulphate  of  lime      .  .            .           '.            .  12*520 

Sulphate  of  magnesia  ....  40-716 

Chloride  of  magnesium  ....  6*040 


100*000 
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The  Beoond  water  was  that  of  the  Baths  of  Tiberias,  at  its  source  a  anl- 
phureons  thermal,  and  of  too  high  a  temperature  to  permit  of  the  hand 
being  held  in  it.  It  had  not  been  preriouslj  analysed  with  care.  Dr 
Dalzell  foond  its  specific  gravity  at  60''  to  be  1022*5,  and  the  solid  residue 
of  a  gallon  to  be  2b21  grains,  or  about  twice  as  much  as  Marah  jields ; 
nearly  80  per  cent,  of  its  saline  matter  was  common  salt,  as  the  foUowing 
table  showed  :-— 

Chloride  of  sodium  ...  .  .  76*85 

Sulphate  of  lime  ....  11-01 

Sulphate  of  magnesia  12*  14 

100-000 
The  third  water  was  also  sulphureous  and  thermal.  Its  original  heai 
must  haye  been  great,  as,  from  some  notes  accompanying  the  bottles,  it 
appeared  that  a  thermometer  graduated  to  120°  Fahrenheit,  instantly 
burst  on  being  immersed  in  it.  At  60"  he  found  its  specific  gravity  to  he 
not  far  from  that  of  the  Marah  well,  viz.,  1007*9,  and  the  solid  reaidoe 
from  a  gallon  1211  grains.  Like  the  Dead  Sea,  it  contained  much 
magnesia,  and,  as  in  that  water,  so  here,  the  amount  of  sulphate  of  lime 
was  smaller  than  in  either  of  the  preceding.    Its  analysis  showed,  of 

Chloride  of  sodiam  ....  73*215 

Sulphate  of  lime      .....  6*720 

Sulphate  of  magnesia  ....  20*065 


100-000 

Dr  Dalzell  concluded  by  stating,  that  in  a  portion  of  Dead  Sea  water 
taken  from  the  northern  end,  the  specific  gravity  of  which  was  1210  at 
60°,  he  found  17,402  grains  per  gallon  of  solid  matter,  56*12  of  which 
was  chloride  of  magnesium,  29*62  chloride  of  sodium,  11*25  chloride  of 
calcium,  a  little  more  that  2  per  cent,  chloride  potassium,  0*43  sulphate 
of  lime,  and  0*28  consisted  of  the  bromides  of  magnesium  and  potassium. 

3.  (1.)  A  few  FomUs  from  Vancouver's  Island  were  exhibited,  (2jy 
Notice  of  a  Tetraodon  (believed  to  be  new)  from  Old  Calabar,  (The 
specimens  were  exhibited.)    By  Andrew  Muiulat,  Esq. 

Mr  Andrew  Murray  exhibited  a  few  fossils  from  Vancouver's  Island. 
They  belonged  to  the  Lower  Chalk,  and  consisted  of  a  species  of  ammon- 
ites and  baculites  (B.  ovatus^  •^'■'70;  ^iccras  (Caprotina,  D^Qrb.},  VentiSj 
Untcardium^  and  Psammobica. 

Mr  Murray  also  exhibited  a  species  of  Tetragon  received  from  Old 
Calabar,  through  the  kindness  of  Mr  Wylie.  It  did  not  correspond  with 
any  of  the  species  described  by  Lacepede,  and  was  probably  new. 
Instead  of  being  armed  with  great  spines,  it  was  nearly  smooth,  except  on 
the  belly,  wbere  it  was  covered  by  a  number  of  small  prickles.  It  was 
dark  brown  above,  and  pale  beneath,  and  had  a  row  of  six  deep  red  spots 
along  its  sides.     Mr  Murray  named  it  provisionally  T,  ptLStulatus, 

4.  (1.)  Observations  in  British  Zoophytology.     (2.)  Description  of  two 

new  Protozoa.    By  Thomas  Stbbtbill  Waight,  M.D. 

1.  Observations  in  British  Zoophytology — Tricky dra  pudica, — ^The 
author  had  given  this  title  to  a  very  minute  Zoophyte,  found  by  him  on 
shells  and  stones  from  the  Firth  of  Forth.  He  described  it  as  follows : — 
Corallum  membranous  creeping ;  cells,  sessile,  cylindrical,  about  one- 
tenth  of  the  length  of  the  extended  polyps.  Polyps,  about  one-eighth  of 
an  inch  in  length  ;  shaped  like  a  fresh-water  Hydra ;  Yery  attenuated  and 
transparent;  with  from  four  to  twelve  long  waving  tentacles.  Buccal 
cavity  small,  conical,  dense,  silveiv  white  by  reflected  light.  Polyps  very 
sensitive ;  bending  down  the  head  and  tentacles  when  exposed  to  strong 
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light,  l]k0  a  fiower  drooping  on  lis  stalk.  He  classed  this  zoophyte  at 
present  amongst  the  Corjniam  of  Johnston,  on  account  of  the  progressiYe 
development  of  the  tentacles,  which  increased  in  number  with  the  in- 
creasing age  of  the  polyp. 

La,omedea  acuminata. — A  description  of  this  zoophyte  had  been  pub- 
lished in  December  last  by  its  discoverer,  Mr  Alder.  Dr  Wright  had 
possessed  specimens  since  May  last.  In  August,  and  again  during  the 
present  month,  pedicled  and  very  large  capsules  had  been  developed  from 
the  foot  of  the  annulated  polyp  stalks,  from  each  of  which  capsules  a 
single  mediisoid  (of  great  size  when  compared  with  the  polyp)  was 
liberated.  This  medusoid  was  mitre-shaped,  and  distinguished  by  the 
bright  emerald-green  reflected  colour  of  its  sub-umbrella.  It  had  four 
tentacles,  two  long  and  two  rudimentary,  all  ringed  as  to  their  bulbs  with 
dark  blue.  The  auditory  sacs  were  eight  in  number,  placed  one  on  each 
side  of  the  tentacles.  No  eye-specks  or  reproductive  apparatus  existed. 
The  length  was  from  1-lOth  to  l-8th  of  an  inch.  Great  numbers  of  these 
medusoids  had  been  produced,  several  of  which  had  been  examined  by 
members  of  the  Society  present,  and  others. 

2.  On  two  new  Protozoa. — Both  these  species  were  marine,  and  belonged 
to  the  family  Vorticellina.  The  author  had  designated  the  first,  which 
was  attached  to  deep-water  shells,  Lagotia  (the  hare-eared  animalcule.)  It 
inhabited  a  dark  green  tube,  resembling  in  shape  a  soda-water  bottle  laid 
on  one  side,  with  the  neck  bent  upwards,  and  prolonged  into  a  trumpet- 
shaped  mouth.  The  body  of  the  animalcule  was  long  and  cylindrical, 
and  was  surmounted  by  a  rotatory  organ,  which,  in  one  aspect,  resembled 
the  head  and  ears  of  a  hare,  in  another,  that  of  a  narrow  or  compressed 
horse-shoe,  bordered  with  a  fringe  of  moving  teeth.  The  whok  body 
was  dothed  with  an  undulating  fleece  of  cilia.  The  colour  of  ^e  body 
was  hyaline,  transparent  green,  or  atro-purpureous. 

Vaginicola  valvata  resembled  F.  crystaltina  of  fresh  water,  but  it  was 
distuiguished  from  the  latter  animalcule,  especially  by  the  presence  of  an 
oval  homy  valve,  situated  about  half-way  down  its  tube,  and  which  closed 
down  in  an  inclined  position  over  the  animal  when  the  latter  was  con- . 
tracted.  The  valve  was  developed  within,  and  covered  by  a  fleshy  plate, 
which  was  attached  by  one  edge,  and  continuous  with  a  pellicle  which 
lined  the  whole  of  the  inside  of  the  tube.  The  tube  and  the  homy  plate 
of  the  valve  were  not  hinged  or  connected  together  otherwise  than  by  their 
fleshy  coverings.    In  dead  and  empty  tubes  the  valve  was  absent. 

Wednesday^  22d  April  1857.— W.  H.  Lowe,  M.D.,  in  the  Chair. 
The  following  Communications  were  read : — 

1.  Notes  on  Scottish  Lepidoptera  in  1855-56.    (Numerous  specimens 

were  exhibited.)    By  lU  F.  Logan,  Esq. 

In  this  communication  Mr  Logan  added  twenty-four  species  to  the  list 
of  Heterocera  occurring  near  Edinburgh,  many  of  them  discovered  by  the 
industry  and  energy  of  the  Messrs  Wilson. 

2.  On  the  Chalk  Flints  ofiJie  Forth.    By  Professor  Fleming. 

The  author  stated,  that  having  visited  the  Black  Rocks,  Leith,  on  the 
28th  ult.,  at  a  low  ebb-tide,  after  strong  easterly  winds,  he  was  surprised 
to  find  a  large  heap  of  Chalk  Flints,  from  which  the  covering  of  sand  had 
been  removed  by  ripple  action.  Similar  flints  had  been  observed  by  Mr 
Christie  of  Hawkhili,  in  a  field  to  the  eastward  of  the-house,  and  the  author 
had  detected  a  single  nodule  in  the  brick-clay  of  Kinghorn.  Having 
previously  observed  a  bed  of  flints,  with  angular  masses  of  chalk,  in  the 
middle  of  a  deposit  of  brick-clay,  on  the  Aberdeenshire  coast,  he  refuted 
the  usual  notion  that  the  flints  occasionally  found  on  the  shores  of  the 
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Forth  weee  the  remaiiM  of  ship^baUa$t,  and  nre  it  at  hk  opmicii  fhai 
they  were  the  wreoh  of  ereteoeouB  strata,  whidi  foimerly  exirted  in  tiie 
neighbouring  sea,  and  were  a  prolongation  of  the  Denmark  beds.  ■ 

3.  Observation   in   British  Zoophytology,     Bj  Thoxas  Stkbthill 

Wkioht,  M.I). 

The  pnncipal  object  of  this  notice  was  to  elucidate  some  points  in  the 
aoatomj  and  physiology  of  Tvhularia  indioisa,  which  hare  escaped 
detection  or  presented  difficulties  to  the  numerous  authors  who  haTS 
written  on  this  zoophyte. 

4.  Notice  of  two  Fossils  found  in  a  bed  of  Shale  heiow  St  Anthomf's 

Chapel^  Arthur's  Seat.    By  James  M^Baik,  M.D.,  R.N. 

This  bed  rests  upon  Amygdaloidal  trap-tuff,  and  is  coYered  by  another 
bed  of  columnar  basalt,  on  which  the  chapel  is  built.  It  has  been  lonff 
known  to  the  geological  explorers  of  Arthur's  Seat  that  this  shaly  bed 
contained  fossil  organisms,  apparently  of  a  regetable  character,  to  which 
the  general  term  **  fucoid"  has  been  applied.  In  June  1854,  on  yisiting 
this  spot,  and  chipping  a  portion  of  the  thin  laminated  clay,  I  feuiid  a 
small  tooth  imbedded  in  it,  which  apparently  belonged  to  the  genus 
Holoptychius — ^most  nrobably  to  the  Hoi.  HibbertiL  The  other  fbssfl 
organism  evidently  belongs  to  the  regetable  kingdom.  Sereral  specimens 
have  been  found,  but  they  all  appear  to  be  mere  fragments.  The  nearest 
resemblance  to  these  specimens  which  I  have  seen  figured  in  plates  is  that 
of  Bechera  ckarasformis,  accompanying  the  Memoir  of  Mr  James  Prest- 
wick,  '*  On  the  Geology  of  the  Coalfield  of  Goalbrookdale,"  from  the 
TranBactions  of  the  Geological  Society  of  London,  vol.  t.  for  1840. 
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Thursday ^  13^  November  1856. — ^Professor  Flxmino,  V.P.,  in  the  Chair. 
The  following  Communications  were  read : — 

1.  Notice  of  Diatomacece,  Desmideos,  otc,  collected  tn  Ceylon.    By  Dr 

Kelaabt. 

2.  Notice  of  the  Occurrence  of  Crambe  maritima  near  Edinbwffh.    By 

Mr  John  W.  Bxown. 

3.  On  the  Stellate  Hears  of  Aralia  papyrifera.   By  Professor  Balfoitb. 

4.  Notice  of  the  Results  of  three  days  Botanizing  in  the  neighhourhood 

of  Totworth  Court,  Uloucestershire.    By  Professor  Balfouk. 

5*  Notice  of  the  Stoppage  of  a  Water  Pipe  by  the  Roots  of  a  Tree.    By 
John  Duncan,  Esq.    Communicated  by  Professor  Balfouk. 

In  a  field  at  Bumhead  there  is  a  large  reservoir,  and  from  this  water 
is  conveyed  in  a  leaden  pipe  ibr  some  distance  to  a  well,  the  water  of 
which  is  drawn  up  by  a  pump.  In  the  course  of  last  autumn  no  water 
could  be  drawn  firbm  the  well,  and  on  examination  the  bottom  of  it  was 
found  to  be  dry,  and  filled  with  an  enormous  matting  of  roots.  These 
roots  had  also  penetrated  into  the  leaden  pipe,  and  filled  it  up  oompletely, 
so  as  to  prevent  the  water  from  flowing.  On  cutting  through  the  pipe 
and  pulbng  out  the  roots,  which  were  very  firmly  impacted,  the  water 
flowed  in  abundance.  The  roots  were  traced  by  Mr  Donoan  to  a  syoa^ 
more  tree  (^Acer  Pseudo-platawus)  growing  near  the  well. 

6.  On  a  Method  of  Preserving  Plants  in  their  Natural  Form,  and  with 
the  Colour  of  the  Flowers,  By  Messrs  Rbveil  and  Bkkjot.  Com- 
municated by  Professor  Balfoub. 
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7.  On  CftDilriehe  hamulata  ofKutzinff,  Jmnd  near  Jardine  BalL    By 
F.  TowKonm,  Esq.    Oommtodoated  hy  Sir  Wm.  Jabdine. 

Tlie  plant  was  gathered  in  a  ditch  oommimicatizig  with  the  river  Annan, 
dose  to  Jardine  Hall.  Mr  Babington  has  decided  that  it  is  the  plant  de- 
aoribed  in  his  Manual  as  O,  pedunculata,  yar.  sesnlis.  The  important 
character  in  C.  hamaUtta  is  the  falciform  bracts.  These  fall  off  earlj,  and 
were  not  noticed  by  Mr  B.  in  ordinair  wild  specimens.  He  has,  how« 
ever,  of  late  obeerved  them  in  cultiTated  specimens  of  his  0,  pedwMiUaic^ 
Tar.  9€9sili8.  Mr  B.  considers  0,  homulata  as  the  type  of  the  species^  an4 
O.  peduncuiata  to  be  a  rarietj. 

6.  On  Skurden  PlamU  found  in  Waste  Chratmd  nee^  Falmouth,    In  a 
Letter  from  Mr  W.  P.  Cocks  to  Professor  Balfous. 


Thu/fsdc^^  11th  December  1856. — ^Professor  Balfouk,  Y.P.,  in  the 
Chair.     The  following  Commnnications  were  read :— * 

L  DesQription  of  a  Method  of  Preserving  Plants  of  their  Natural  Form 
and  Colour,  By  Thomas  K.  Marshali.,  Esq. 
The  plant  to  be  operated  on  should  be  placed  in  a  box,  in  such  a  manner 
as  to  preserve  the  natural  disposition  of  its  parts.  The  fine  sawdust  (per- 
fectly dry)  of  box,  or  other  hard  wood,  is  then  to  be  carefully  sprinkled 
over  it,  ta^ng  care  not  to  shift  the  position  of  the  leaves.  Every  part  of 
the  plsjit  must  be  completely  covered  with  the  dust.  Several  plants  may 
be  dried  in  one  box — avoiding  contact,  however.  The  plants  to  be  pre- 
served ought  to  be  quite  firesh  when  put  into  the  box ;  if  they  be  lax,  place 
the  stems  in  water  tUl  the  vessels  again  distend  and  recover  their  natural 
firmness.  About  a  fortnight  in  the  dust  is  sufficient  to  dry  the  plants  in 
summer  (in  a  natural  heat) ;  succulent  plants  require  longer.  To  assist 
in  freeing  the  plants  from  tiie  sawdust,  the  box  may  be  made  with  a  wire 

f  rating  imd  shding  bottom ;  slightly  shake  the  plant  to  free  it  from  the 
ost ;  what  still  adheres  may  be  brushed  off  with  a  soft  hair  pencil. 

2.  On  the  Species  of  Pine  cabled  in  Moffat  ''Dr  Walker's  Pouch  Fir.'' 

By  Professor  Jxeminq. 

8;  Nates  on  some  new  Species  of  Marine  Diatomaceas  from  the  Firth  of 

Clyde,    By  Professor  G&eoobt. 
4.  Notice  of  H^paticce^  found  near  Aberfeldy.    By  John  Lowe,  Esq. 

Thursday,  Qth  January  1857. — ^Professor  Balfoub,  Y.P.,  in  the  Chair. 
The  following  Commiinicationi»  were  read :— • 

1.  On  the  Production  of  Ergot  on  Eye,     By  Ebniteth  Coebbt,  Esq., 

Beauly.  Communicated  by  X>r  Douglas  Maclagan. 
The  author  noticed  the  occurrence  of  ergot  on  rye  in  the  neighbourhood 
of  Beauly,  and  stated  that  he  found  that  this  native  ergot  was  more 
certain  in  its  medical  action  than  that  imported  frt>m  the  Continent.  He 
expressed  his  opinion  that  the  production  of  ergot  was  connected  with  an 
abortive  condition  of  the  pollen,  whose  application  to  the  stigma  did  not 
result  in  the  development  of  an  embryo.  He  found  that  by  cutting  off  the 
stamens  in  the  early  stage  the  ovaiy  became  liable  to  an  attack  of  ergot. 

2.  On  a  Monstrosity  in  the  Fruit  of  Silene  inflata,  with  some  Remarks 

on  Plaeentation.    By  A.  Diokson,  Esq. 
liAr  Dickson  exhibited  a  specimen  with  partitions  in  the  ovary.    n» 
considered  that  the  specimen  he  produced  went  to  support  the  view  of 
central  plaeentation  in  all  cases^  as  suggested  by  Schleiden. 

3.  Notifie  of  Plantain  Flour,  By  Mukrat  Thomson,  Esq.,  late  Assistant 
in.  the  Laboratory  of  the  Ltdustrial  Museum  of  Scotland.  Communi- 
cated by  Professor  Gbobgb  Wilson. 
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4.  Anal^fies  of  Three  Atutralian  Wines.    By  Murbat  Thoiuon,  "Eaq. 
Communicated  b/  Profeeaor  Geo&oe  Wilson. 

5»  On  the  Injurious  Effects  of  Uroceras  gigas  on  Fir  Trees.    By  the 

A.  Thomsom,  Esq.,  Banchory. 

The  author  stated  that  last  summer  his  forester  had  observed  a  Seotch 
fir  tree,  about  thirty-fiye  years  old,  die  very  suddenly.  The  tree  was 
cut  down  and  taken  to  the  saw-mill.  During  the  preparation  of  the  wood 
a  large  fly  was  observed  in  a  burrow  in  the  wood.  Subsequently  another 
fly,  a  grub,  and  the  remains  of  a  ooceon  were  seen.  The  inseet  was  ex- 
amined, and  found  to  be  the  Uroceras  gigcts.  It  has  been  rarely  noticed 
in  Scotland.  It  appears,  however,  that  in  Germany  it  often  causes  great 
destruction  in  the  forests.  If  there  be  any  appearance  of  the  insect  spread- 
ing in  this  country,  it  would  be  well  to  draw  further  attention  to  it,  so 
that  every  tree  showing  symptoms  of  it  might  be  destroyed.  This  is  ihe 
only  remedy  found  of  use  in  Germany,  where  they  say  hundreds  of  acres 
have  been  sacrificed  on  one  estate  after  another,  with  the  view  of  checking 
its  progress.  Specimens  of  the  timber  and  of  the  insect  were  exhibited, 
along  with  a  piece  of  foreign  timber  containing  a  grub  of  a  similar 
nature. 

6.  On  the  Occurrence  of  the  Seeds  of  Bearded  Darnel  in  Inferior  Sample* 

of  Wheat,    By  George  S.  Lawson,  Esq. 

7*  Notes  on  Pinus  cephalonica,  and  other  ConifercBj  at  Craigo  House, 
Montrose*    Uy  Mr  P.  S.  Robertson,  Golden  Acres. 


Thursday,  12th  February  1857.— Professor  Balfoub,  V.P.,  in  the  CJhair. 
The  following  Communications  were  read : — 

1.  Notes  <yf  a  Botanical  Excursion  to  Switzerland  and  other  parts  of  the 

Continent  during  last  summer.    By  Mr  R.  M.  Stark. 

2.  List  of  Plants  observed  in  the  Neighbourhood  of  Blackford f  Pertk- 

shire.    By  Mr  Alex.  Buchan. 

3.  Notice  of  the  Plants  of  Mount  Olympus.  By  Dr  John  Kirk.  With 
an  Account  of  the  Ascent  of  the  Mountain,  and  Observations  on  the 
Country  near  Broussa.    By  Dr  David  Christison. 

Thu/rsdoAff  12ih  March  1857.     The  following  Communications  were 

read : — 

1.  Notice  of  a  Botcmical  Trip  to  Moffat  and  the  Mountains  in  its 

vicinity y  in  July  lo56.     By  Professor  Balfour. 

2.  On  an  Abnormal  Development  of  the  Nectary  in  BcMunculus,    By 

A.  J.  Macfarlan,  Esq. 

3.  Notice  o/Chara  syncarpa  new  to  Scotland.    By  W.  Nichol,  Esq. 

4.  Remarks  on  Boucherie*s  Method  of  Preserving  Timber,    By  Professor 

Balfour. 

5.  Recent  Botanical  Intelligence,    By  Professor  Balfour. 

Thursday,  9th  April  1857. — Professor  Balfour,  V.P.,  in  tbe  Chair. 

Mr  I.  Anderson,  S.S.C.,  exhibited  a  plant  of  a  hybrid  Rhododendron 
between  R.  atrovirens  and  R.  formosum,  which  was  stated  to  be  quite 
hardy,  being  chiefly  remarkable  for  its  large  blossoms,  which  were  tripla 
the  size  of  the  seed-bearer  {R.  airovirens). 

The  following  Communications  were  read  :— 

1.  On  the  Effects  of  a  Solution  of  Bicarbonate  of  Ammonia,  in  pro- 
moting Vegetation,    By  C.  J.  Burnett,  Esq. 
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3.  Doer  Magnetism  Influence  Vegetation  f     Bj  H.  F.  Baxtbe,  Esq. 

Commimi^ated  by  Professor  Balfoub. 

The  author  states  that  the  results  of  his  inquirj  into  this  subject  are 
negative,  that  is,  no  positive  evidence  has  been  obtained  to  show  that 
magnetism  either  does  or  does  not  influence  vegetation.  After  noticing 
the  opinions  of  Becquerel,  Dutrochet,  and  Wartmann,  the  author  says  :— 
'*  As  it  may  be  considered  a  law  in  vegetable  physiology  that  all  plants 
have  a  tendency,  during  the  germination  of  their  seeds,  to  develop  in 
two  diametrically  opposite  directions  (the  root  and  the  stem),  the  question 
arose— might  not  this  direction  be  influenced  or  counteracted  by  sub- 
mitting the  seeds  whilst  germinating  to  the  influence  of  magnetic  force." 
Accordingly,  a  series  of  experiments  were  undertaken  by  the  author, 
which  are  classed  under  two  principal  heads :  let.  Those  in  which  the 
Hne  of  magnetic  force  was  directed  perpendicularly  to  the  plants  ;  and 
id.  In  which  the  line  of  force  was  directed  transverseiy  to  the  plant. 
The  author  gave  details  of  the  experiments,  which  were  varied  and  mul- 
tiplied. No  definite  conclusions,  however,  could  be  drawn  from  them 
rdative  to  the  eflect  of  magnetism. 

3.  On  Lycium  mediterraneum.     By  Dr  Thomas  Anoebson,  H.E.LC.S. 

Communicated  by  Professor  Balfour. 

Dr  Anderson  states  that,  after  careful  and  repeated  examination  of 
specimens  of  JL  Edgeworthii,  Dunal,  he  is  convinced  that  DunaVs  so- 
called  species  is  only  a  variety  of  L.  mediterraneutn  {L.  europawm,  Linn.). 
Dr  Anderson  then  gives  revised  characters  for  the  species,  and  concludes 
with  observations  on  the  efl*ects  of  the  climate  of  India  in  modifying  the 
habits  of  plants,  and  giving  rise  to  numerous  varieties. 

4.  On  the  Applications  of  Botany  to  Ornamental  Art,    By  Mr  Geoegb 

Lawson,  F.R.P.S. 

Mr  Lawson  exhibited  a  panel  carved  by  Mr  B.  Reeve,  representing  in 
its  side  ornaments  Polypoaium  alpestre  and  Polystichum  Lonchitis.  In 
connection  with  this  study  from  nature,  he  called  attention  to  the  inex- 
haustible source  of  novelty  in  design  which  the  vegetable  kingdom  pre- 
sents, and  which  he  hoped  would  be  made  more  fully  avai^ble  tnan 
hitherto. 

5.  Remarks  on  Dust  Showers,  with  Notice  of  a  Shower  of  Mud  which 
occurred  at  Corfu  on  21st  March  1S57.  By  Mr  Gsobqe  Lawson, 
F.R.P.S. 

Mr  Lawson  remarked  : — ^The  attention  of  botanists  has  at  diflerent 
times  been  attracted  to  showers  of  various  kinds,  most  of  which  have  been 
more  or  less  dependent  upon,  or  connected  with,  vegetable  phenomena. 
The  red  snow  or  the  Arctic  Regions,  which  has  been  Imown  since  the 
days  of  Aristotle,  owes  to  botany  its  proper  explanation  as  not  a  product 
of  the  clouds  at  all,  the  appearance  being  due  to  a  minute  algas  that  vege- 
tates on  the  surface  of  the  snow.  Showers  of  pollen  are  familiar  to  all 
travellers  who  have  penetrated  far  among  the  coniferous  forests  of  North 
America.  In  this  case  also,  although  the  pollen  forms  immense  clouds  of 
dust,  and  is  often  conveyed  to  considerable  distances,  becoming  in  its 
course  int^mixed  with  foreign  matter,  still  it  can  scarcely  be  referred  to 
as  a  "  shower"  in  the  meteorological  sense  of  the  term,  the  plants  to 
which  it  owes  its  origin  being  present,  and  connecting  the  phenomenon 
more  or  less  closely  with  what  occurs  to  a  certain  ext^t  in  all  flowering 
plants.  Of  a  different  character  are  the  lowers  of  dust  or  sand  described 
by  Humboldt  and  by  Ehrenberg  as  occurring  near  the  Gape  de  Verde 
Islands,  at  a  distance  of  several  hundred  miles  firom  the  Amcan  coast, 
where  the  decks  of  ships  navigating  the  ocean  became  covered  with  it. 
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In  this  dstt  many  xmnnte  oT^u^mlai^  eBpedally  diatinaMOft,  ba^e  been 
found.  Mr  Lswson  then  notned  a  showor  of  mod  l^t  oocmied  in  the 
Lduid  of  Gorfa  ebout  a  fortnight  ago,  the  partioolan  of  whiolk  are  eon- 
tained  in  the  fbUowing  letter  fiom  Mr  MadMnsie :— > 

"A  singalar  meteorok^ioal  phenomenon  oooorred  here  en  Sataidy, 
Slat  Mai>di.  The  day  was  aqaally  and  ahowezy ;  thoae  lig^t  ahowen 
brought  down  a  great  qnantity  of  mud ;  the  next  morning  I  found  the 
oaiiMowers  coverod  oTer  with  this  fine  dnat.  On  eTamlning  the  ear- 
rounding  fields  I  found  the  trees  and  erery  other  object  eoreied  in  the 
same  manner.  As  some  writen  have  ass^ted^  and  others  have  denied, 
that  the  same  phenomenon  is  of  frequent  oecurrenoe  in  Malta,  I  send  yon 
a  few  leaves  with  the  precipitate  still  upon  them,  whieh  will,  I  think,  pot 
the  question  to  rest  for  ever.  The  second  question  is  more  difRonlt  to 
solve ;  namelv,  is  this  natire  dust,  or  has  it  been  imported  by  aerial  onr- 
rents  from  Africa?  From  the  state  of  the  weather  during  the  three  pre- 
vious days,  I  am  led  to  favour  tiie  latter  opinion,  and  forward  an  extaraot 
fiom  my  meteorological  register. 

"  Dr  Oalla  tells  me  that  he  remembers  somethingof  the  same  hind  when 
a  boy,  about  forty  years  ago. 

Date.  Thermometer.  Barometer.  Wind. 


.A_ 


Max.  Min.  8  A.ir.  8  p.m.  8  P.M. 

March  18,    .     .    60  62  30-11  80-09  30-09  W.8.W.* 

March  19,    .     .    59  60  8010  30*10  30-09  S.lLt 

March  SO,    .     .    60  61  80-05  29*99  29-94  S.fi.t 

March  21,    .    .    69  51  29-81  29-80  29*81  &S.| 

*  Overcast  and  calm.  t  I>easely  overcast 

X  Gloomy  and  threatening— high  wind  la  the  night. 

%  Squally  and  showery  throughout  the  day  and  night,  and  with  yesterday's 
rain  there  fell  a  great  quantity  of  mud  of  a  dirty  red  colour }  the  plants  throu^- 
out  the  island  are  covered  with  this  fine  precipitate.  This  phenomenon  is  said 
to  be  of  fteqaent  occorrenee  in  Malta. 

«  Corfu,  25th  March  1857." 

Observations  of  the  barometer,  dee.,  as  registered  by  Mr  Cookbum  a* 
the  Royal  Society's  Rooms,  were  laid  before  the  meetiiig  for  oompariaon. 

6.  Registering  of  the  Flowering  of  certain  Spring  Plants  in  the  RawU 
Botanic  Garden^  Edinburgh^  from  12th  March  to  15th  April  1857» 
as  compared  toith  the  Jive  previous  years.    By  Mr  Jambs  M*Nab. 

Thursday,  14^  May  1857.— Professor  Baljou*,  V.P.,  in  the  Chair.    The 

following  Communications  were  read :— - 

1.  Notice  of  Two  Cases  of  Poisoning  with  the  Seeds  of  Thevetia  necei* 
foUa.    Communicated,  with  remarks,  by  Dr  DonoLAa  Maclaoak* 

The  history  of  these  cases,  which  occurred  in  India,  was  famished  by 
Dr  John  Balfour,  H.E.I.C.S.  The  symptoms  were  narcotico-irritant,  the 
irritant  character  predominating,  and  the  somnolence  and  other  cerebral 
phenomena  being,  in  Dr  Maclagan's  opinion,  probably  as  much  those  of 
exhaustion  as  of  true  narcotism.  There  was  vomiting  of  a  peculiar  cha- 
racter. The  letter  narrating  the  cases  contained  portions  of  the  plant 
sufficient  to  enable  Dr  Maclagan  to  identify  it  as  Thevetia  nereifblia^JnaB, 
XCerbera  Thevetia,  L.)  This  plant,  now  naturalized  in  India,  appears  to 
have  been  introduced  probably  from  South  America.  Dr  Maekgan  had 
compared  the  Thevetia  nereifolia  of  the  Indian  collections  with  the  Cer^ 
hera  peruviana  of  MatheVs  catalogue,  and  had  no  doubt  of  the  identity 
of  these  plants,  which  are  given  as  synonymous  in  Decandolle's  Frodnh* 
mus. 
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2.  Acanmt  of  the  Imteet  which  infutt  the  Seeds  0/  Fioea  nobilu.    By 

Andbbw  Muxsat,  Esq.,  F.R.S.E. 

Tlus  beaatiM  talvet  fir  (fhe  Picea  ndbilie)  wbuh  first  introdnoed  into 
this  ootintiy  from  tbe  north-west  of  America,  by  Douglas  in  1631.  In 
what  state  liie  seed  sent  by  bim  arriyed  here  1  have  been  unable  to  as- 
certain with  perfect  accuracy.  The  fact  that  plants  of  an  age  correspond- 
ing to  that  period  are  exceedingly  rate  would  seem  to  indicate  either  that 
the  quantities  imported  by  Douglas  were  less  than  we  have  reason  to 
suppose,  or  that  nom  some  cause  or  other  they  had  not  been  productire. 
On  the  o^er  hand,  Professor  Lindley  informs  me  that  he  never  heard 
that  Douglas's  importations  were  in  any  way  attacked  by  insects,  and  that 
the  Hortuultural  Society  of  London  raised  what  he  sent  home  without 
anything  of  the  kind  being  observed ;  and  I  am  informed  by  my  friend 
Mr  M^Naby  that  the  cones  sent  by  Douglas,  which  have  been  preserved 
as  specimens,  show  every  symptom  of  having  been  perfectly  sound.  No 
second  importation  of  seed  to  this  country  was  made  in  any  quantity  till 

^  Jeffrey  sent  home  some  packages  in  1852.    These  proved  slII  bad,  and 

apparently  had  suffered  from  the  ravages  of  an  insect.    Mr  Beardsley  and 

i'  my  brother  next  sent  home  a  quantity  in  1854,  along  with  the  seeds  of 

other  pine  trees,  some  of  which  proved  new.    In  an  account  of  their  ex- 

(  pedition,  and  of  the  novelties  discovered  by  them,  which  I  had  then  the 

nonour  of  reading  to  this  Society,  I  noticed  the  fact  that,  in  almost  every 
cone  of  P.  nobilisj  the  seeds  were  being  eaten  by  a  small  caterpillar.    My 

^  brother  had  found  these  caterpillars  in  the  green  as  well  as  in  the  mature 

cone,  their  eggs  evidently  having  been  deposited  in  the  kernel  while  the 
cone  was  yet  soft,  and  easily  penetrated.  One  or  two  subsequent  im- 
portations of  seed  (the  last  a  very  large  one,  made  last  autumn  on  behalf 
of  the  Oregon  Botanical  Association),  proved  to  be  also  to  a  greater  or 
less  extent  infested  by  on  insect.  From  these  importations  I  have  bred 
the  insect,  and  find  that  it  belongs  to  the  genus  MegastigmuSf  one  of  the 
Chalcidites,  a  family  of  the  so-called  Ichneumon  flies. 

3.  On  the  euppoeed  influence  of  the  Moon  on  Vegetation  in  Peru.    By 

Abchibald  Smith,  M.D. 

4.  On  some  of  the  leadina  plctnts  of  the  lowetit  zone  in  Teneriffe,    By 
t  Pro&ssor  C.  PiAZZi  Smtth. 

^  The  author  described  the  manner  and  characteristics  of  growth  of  the 

[  chief  plants  as  met  with  advancing  fr^m  the  sea-coast  inland,  and  found 

i  both  the  indigenous  and  the  cultivated  plants  to  exhibit  a  poverty  of 

growth  as  compared  with  many  other  lands  in  the  same  latitude,  or  28.° 

The  cause  of  this,  he  thought,  was  owing  to  the  special  predominance  of 

\  the  Trade-wind  throughout  the  Archipelago  of  the  Canaries  during  the 

whole  of  the  summer  season,  and  to  the  want  of  rain,  and  the  low  tern- 

I  perature  which  the  said  wind  produces,  both  primarily  and  secondarily. 

In  the  details  of  the  native  plants,  the  author  treated  at  length  on  the 

Draeana  DracOt  as  being,  par  esecellence,  the  characteristic  plant  of  the 

lowest  zone  of  Teneriffe,  and  having  in  one  of  its  specimens,  the  Great 

Dragon  Tree  of  Orotava,  acquired  more  fame  than  any  other  individual 

specimen  of  the  vegetable  kingdom ;  and  he  concluded  with  an  exhibition 

of  the  forms  of  the  Dragon  tree  at  different  ages,  and  other  Teneriffe 

plants,  optically  projected  on  a  screen  8  feet  square,  from  photographs 

of  which  the  original  negatives  had  been  prepared  by  himself  last  summer, 

and  positive  copies  had  been  made  wiui  much  skill  and  success  by  M. 

Orange  in  the  course  of  the  winter. 

Professor  Balfoub  read  the  following  analysis  of  specimens  of  volcanic 
sand  from,  tiie  Andes,  sent  by  Professor  Jameson,  of  Quito,  and  analysed 
by  Mr  Bloxam,  assistant  in  ^  Industrial  Masenmr-^By  qualitativa 
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analysia  it  sppean  to  be  composed  of  silicic  acid,  peroxide  of  irony  alnmimi, 
carbonate  of  lime,  and  small  quantities  of  potassa  and  soda.  A  stream  of 
carbonic  acid  passed  throngh  water,  in  which  the  sand  was  suspended, 
dissolved  out  much  carbonate  of  lime.  The  sand  contains  small  quantities 
of  the  protoxide  of  iron.    Its  quantitative  composition  is  as  under: — 

SUica, 68-00 

Peroxide  of  iron,  and  alamina,                           .  21*S0 

Carbonate  of  limei          .            .            .            •  9*10 

Magnesia  and  alkalies,                                        •  1*70 

10000 


SCIENTIFIC  INTELLIGENCE. 


ZOOLOGY. 

Distribution  of  American  Turtles. — ^At  a  recent  meeting  of  the  Boston 
Society  of  Natural  History,  Professor  Agassiz  stated  that  he  bad  been 
engaged  in  an  investigation  into  the  Geographical  distribution  of  the 
Turtles  of  this  country.  For  a  correct  determination  of  specific  diiTer* 
ences,  it  became  necessary  to  collect  specimens  from  all  parts  of  the 
country  as  extensively  as  possible,  and  he  thinks  he  has  obtained  speci- 
mens of  nearly  all  the  species  existing  in  North  America,  and  that  he  has 
been  able  to  trace  their  geographical  distribution  very  completely.  The 
results  to  which  he  has  arrived  show  this  fact,  that  several  species  which 
have  been  supposed  identical  throughout  their  whole  geographical  range, 
are  now  demonstrated  to  be  really  distinct ;  whilst  others  which  have 
been  described  as  different  species,  the  young  alone  in  some  instanoet 
having  served  for  description,  have  been  found  to  be  one  and  the  same. 
He  particularly  called  attention  to  the  danger  of  describing  species  solely 
on  theoretical  grounds  as  different,  because  they  inhabit  different  parts  of 
the  world,  or  as  identical  from  general  resemblances.  Dumeril  and  Bibron 
in  their  work  on  Herpetology,  and  others,  have  attempted  to  identify 
marine  turtles  of  different  waters  without  sufficient  authority.  Professor 
Agassiz  had  taken  particular  pains  to  inquire  about  the  Sphagis  or 
Leather-backed  Turtle,  which  is  found  from  the  West  Indies,  northward, 
and  which  has  been  taken  at  Cape  God.  This  animal  has  been  said  to 
inhabit  the  Mediterranean,  but  after  a  thorough  investigation  he  can  find 
only  seven  or  eight  instances  recorded  of  its  having  been  found  there. 
The  museum  at  Salem  furnishes  an  opportunity  for  distinguishing  between 
the  Imbricata  of  the  West  Indies  and  that  of  the  Indian  Oc^,  which 
have  been  considered  the  same.  Holbrook  describes  the  Tryonix  of  Geoi^gia 
as  existing  in  the  Northern  Lakes,  and  he  traces  the  exact  course  by  which 
it  could  ascend  along  the  coast  and  up  the  Mississippi  river  to  the  lakea. 
But  Professor  Agassiz  finds  that  there  are  four  different  species  in  the 
United  States,  three  of  which  are  to  be  included  in  the  one  species  of 
Holbrook,  and  that  each  species  has  its  own  limited  locality. 

The  Chelidra,  or  Snapping  Turtles,  have  the  most  extensive  geoffraphi* 
eal  range  of  any  of  the  Chelonians.  The  snapping  turtle  of  Massadiusetts 
is  found  in  South  Carolina,  Alabama,  Louisiana,  Missouri,  and  even  at 
the  head  waters  of  the  Osage. 

Of  the  family  of  Emydse,  E.  Blandingii  is  the  true  type.  The  swim- 
ming Emydse  are  either  southern  or  western  species;  there  are  none 
in  new  England  except  those  which  have  only  a  Imaited  power  of  swim- 
ming. 

Emys  aregonensis  was  described  by  Nuttall  as  existing  west  of  thd 
Bocky  Mountains.    Profidssor  Agassiz  doubts  its  existence  west  of  the 


Botany.  177 

Rocikj  Mountains,  because  no  turtles  have  been  found  in  those  high 
regions  lying  between  the  Kockjr  Mountains  and  the  Sierra  Nerada. 
Upon  the  Alleghanies  turtles  hare  been  found  at  a  height  of  eleven  hun- 
dml  feet  only,  and  there  are  no  indications  of  their  existence  above  this 
height.  He  has  had  two  specimens  from  localities  east  of  the  Rock^ 
Mountains,  one  of  which  was  brought  from  Minnesota.  He  thioks  Mr 
Nnttall's  specimen  must  have  come  from  this  side  of  the  mountains. 

Professor  Agassiz  concluded  that  there  is  no  general  law  regulating  the 
distribution  of  the  ohelonians  of  North  America.  Thejr  are  distributed 
through  four  grand  divisions  of  the  country,  a  north-eastern,  a  southern, 
and  a  Pacific  range.  The  facts  of  their  geographical  distribution  are 
now  well  established,  but  the  reasons  are  by  no  means  evident  at  present. 
The  probability  is,  that  different  individuals  of  the  same  species  of  ani- 
mals are  adapted  by  peculiar  organizations  to  different  climacteric  in- 
fluences, and  that  there  is  no  general  law  of  distribution  for  which  physical 
agents  can  account. — (^Wells's  Annual  of  Scientific  Discovery  for  1B570 

Resistance  of  Insects  to  Influence  of  Cold, — Dr  Wyman,  at  a  recent 
meeting  of  the  Boston  Society  of  Natural  History,  stated  that  he  had  ex- 
amined chrysalids  of  the  common  mud  wasp,  a  species  of  Pelopseus,  and 
found  that  they  were  not  frozen  during  the  coldest  weather.  On  the 
morning  of  February  7th,  when  the  thermometer  had  been -IS"*  Fahr., 
and  had  risen  to  about —8**  Fahr.,  they  were  still  unfirozen,  and  when  re- 
moved from  their  pupa  cases,  made  obvious  muscular  motions.  The  pupa 
preserved  its  usual  transparency  and  flexibility  ;  when  crushed  upon  the 
surface  upon  which  they  rested,  the  fluids  of  the  body  instantly  became 
opaque  and  were  congealed.  The  question  naturally  presents  itself,  as  to 
the  source  of  the  heat  which  enables  them  to  preserve  tiieir  temperature 
when  exposed  to  so  low  a  degree  of  cold.  The  non-conductors  by  which 
they  are  surrounded  consist  of  a  casting  of  mud,  and  within  this  a  tightly 
woven,  but  thin,  silky  cocoon..  It  would  seem  that  so  small  a  body,  ex- 
posed to  cold  so  intense,  must  have  an  internal  source  of  heat.  He  had 
also  examined  the  eggs  of  the  moth  of  the  canker-worm,  and  found  their 
oontents  unfirozen. — {Wells*s  Annual,) 

BOTANY. 

Seneaal  Cfum,  according  to  Soubeiran,  is  of  two  kinds ;  the  Hard 
Own  from  Galam^  and  the  Friable  Q^um  or  Sadrabeida, 

The  Hard  Chum,  from  Galam,  or  from  below  the  river,  consists  of 
exudation  from  the  bark  of  two  dosely  allied  species  of  Acacia,  the  A. 
Verek  (Flor.  Seneg.  Tentam.),  and  the  A.  Neboued  (id.^.  As  their  origin 
is  different,  so  these  substances  are  not  exactly  alike.  The  gum  of 
Acacia  Verek  is  white,  wrinkled,  and  dull  externally,  glassy  within,  '*  in 
the  shape  of  tears,  often  vermicular  and  twisted,  but  generally  ovoid  or 
spherical,  two  inches,  often  less,  in  diameter,  with  a  slight  and  agreeable 
flavour,  accompanied  by  a  little  acidity,  which  is  scarcdy  observable  but 
by  those  who  habitually  use  it."  It  is  perfectly  soluble  in  water,  and 
affords  a  much  clearer  and  thinner  mucilage  than  that  of  Gum  Arabic :  it 
reddens  litmus-paper,  though  less  than  gum  does.  The  Acacia  Verek  is 
a  tree  of  middling  stature,  18-24  feet  high  at  most,  much  ramified,  the 
branches  twisted  and  armed  with  numerous  sharp-pointed  thorns :  the 
wood  is  hard,  the  bark  grey,  and  from  the  latter  the  gummy  liquid  natu- 
rally exudes,  which  becomes  hard  in  from  twenty  to  thirty  days.  It  is 
more  abundantly  diffused,  and  forms  thicker  forests  on  the  right  bank  of 
the  river  than  the  left,  growing  in  Senegal,  all  round  Saint  Louis,  in 
Onalo  and  Ohioloff,  and  in  the  oounta^  of  the  Moors,  to  the  confines  of 
the  Sahara  Desert,  as  far  even  as  the  shifting  sands  which  extend  to 
Gape  Verd.    In  all  these  localities  it  is  associated  with  the  Acacia  H0» 
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houed  (the  Mimaa  Ntb-neb^  and  Red  Gam-tree  of  Adamwwi),  wlndi 
chieflj  oifPeTB  from  A,  Verek  hj  its  redder  gum,  whidi  is  almost  always 
formed  in  round  balls,  from  half-an-inch  to  an  inch  in  diameter,  trans- 
parent, and  slightly  bitter-tasted.  The  Nehowd  Quniy  which  dissolTes 
perfectly  in  its  own  weight  of  water,  also  forms  a  much  thicker  mncilsge 
than  the  Verek,  and  colours  litmus-paper  yery  little. 

The  Senegal  (him  is  chiefly  collected  by  the  nomade  Arabs  of  the 
Southern  Sahara,  who  call  themselyes  Bedaouins  (wanderers),  but  whom 
the  Colonists  name  Moors.  A  few  quintals  of  the  substance  are  yery 
occasionally  brought  b^  the  Negroes  of  Oualo  and  Ghioloff)  who  inhabit 
the  left  bank  of  the  nver :  the  first  are  a  most  apathetic  race,  and  the 
latter,  who  offer  a  remarkably  fine  sort  of  gum,  are  much  debeired  from 
entering  the  market  by  the  Moors,  who  are  jealous  of  their  neighbours, 
and  who  seek  to  monopolize  the  trade  in  gum. 

There  are  several  distinct  tribes  of  Moors,  who  derote  themaelTea  to 
the  collecting  of  gum,  and  each  claims  and  explores  its  own  peculiar  oasis 
or  forest  of  gum-trees.  The  beet  gum  Ib  obtained  from  the  Oasis  of 
Sahel,  where  hardly  any  tree  grows  but  Acacia  Verek ;  the  tribe  called 
Trarzas  owns  this  forest  An  inferior  article  is  produced  in  the  Oasia  of 
£l-hiebar,  which  consists  more  of  Acacia  Neboued  than  A.  Verek ;  it  is 
in  the  possession  of  a  very  numerous  family  of  Marabouts.  Again,  a  still 
less  valuable  gum,  called  QonaHe^  comes  from  the  Oasis  of  £1-Fatak ; 
while  scattered  bands  of  Arabs  collect  small  quantities  of  gums,  of  greater 
or  less  value,  in  remote  spots,  £iv  from  the  river. 

The  Qhiotoff  Chim,  which  comes  in  very  small  quantities,  is  infinitely 
the  finest,  the  purest,  and  clearest,  with  a  bright  surface,  a  glassy,  almost 
crystallized  fracture,  and  in  large  bits.  The  Moors  are  so  averse  to  its 
exportation,  that  it  is  only  obtamable  as  a  sort  of  contraband  article. 

The  Bondou  Cfum  is  very  oflen  mixed  with  the  Galam  (Turn,  is  diffi- 
cult to  be  distinguished  by  sight  alone,  and  bafiies  the  eye  of  experienced 
traders,  but  is  recognized  by  its  bitter  flavour.  It  is  the  produce  of  an 
Ac  acta ,  near  A,  aUnda, 

The  OonaJce  or  Oonute  Chim  (so  called  from  the  tree  which  yields  it, 
and  to  which  the  natives  give  that  name)  is  collected  abundantly  in  the 
Oasis  of  £1-Fatak.  It  is  redder  than  the  other  gums ;  but  the  facility 
with  which  it  is  dried  and  pulverized  aflbrds  an  easy  mode  of  adding  it  to 
the  better  sorts  and  adulterating  them  ;  and  the  Moors  thus  habitnally 
increase  the  volume  and  weight  of  the  more  saleable  gums.  The  taste 
alone  detects  its  presence^  for  it  is  very  bitter.  It  exudes,  from  Acacia 
Adansoni  of  the  Seiugal  Flora  {Mimosa  Oonakii,  Adanson). 

The  Friable  Cfum,  or  Sahra-heida  (corrupted  into  Salabr^a),  is 
oflered  in  the  form  of  a  coarse  salt ;  its  fracture  is  glassy,  the  snr&oe 
always  dull  and  often  wrinkled,  and  it  is  found  either  in  rounded  tears,  or 
in  long,  vermicular  fragments  ;  the  flavour  is  always  ratiier  bitter.  Its 
different  colours,  whitish,  red,  green,  and  yellow,  depend  on  the  age  and 
strength  of  the  gum  tree  which  affords  it ;  the  more  or  less  sandy  nature 
of  the  soil  has  also  a  marked  effect.  It  melts  readily  in  its  own  weiglit 
of  water,  and  forms  a  thin  mucilage,  which  slightly  reddens  litmns-paper. 
January,  February,  and  March  are  the  times  when  it  is  collected,  in  the 
forests  not  far  from  Bakel ;  and  it  is  sold  by  stealth,  by  the  Moors,  and 
as  fast  as  they  can  gather  it,  for  it  will  not  bear  to  be  buried,  like  the 
Gum  of  Acacia  Verek,  It  is  produced  by  an  Acacia,  nearly  allied  to 
A,  aUnda :  the  tree  is  very  thorny,  much  smaller  than  A,  Verek,  and 
grows  in  the  sands  of  the  Sahara,  near  Galam,  on  the  right  bank  of  the 
river.  The  white  bark  gives  it  the  name  of  SahrahUda  (the  White 
Tree) ;  its  gum  is  very  iuferior  to  the  hard  gum,  and  is  never  Tended 
at  St  Louis,  except  when  the  harvest  of  hard  gum  fails.  (H/ooker's 
Journal  of  Botany,  Feb.  1857). 
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Anacharis  Al^iiiuutrum, — This  plant,  aceoiding  to  Caspary,  it  Serpi- 
cula  occidentalis  of  Pursh,  a  species  which  is  not  found  in  Europe,  nor 
anywhere  in  the  Old  World.  It  is  common  in  temperate  and  tropical 
America,  and  has  been  introduced  into  Britain. — (Botan,  Zeitung), 

Cajuput  Oil. — The  ^een  colour  of  the  oil  of  Melaleuca  Cajeputi  ac- 
cording to  Reinwardt,  is  said  to  be  due  to  the  copper  vessel  from  which  it 
is  distilled. — (De  Vriese,  PL  Bat,  Orient.) 

PartKenogenesis. — Naudin  has  lately  confirmed  the  views  of  Bem- 
hardi  and  others  relative  to  Vegetable  Parthenogenesis,  or  the  production 
of  fertile  seeds  without  the  contact  of  pollen.  He  performed  experiments 
on  the  pistilliferous  plants  of  Hemp  and  Bryony,  as  well  as  on  plants 
of  Echalium  Elaterium  and  Eicinus  communis.  —  (Campte*  Renduti. 
1856.) 

Pinea  de  Terra  of  Spain. — Dr  A.  Harvey  of  Southampton  writes,  *•  I 
send  you  a  small  parcel  of  the  seeds  of  a  species  of  Pine  which  grows  in 
Spain,  and  is  just  now  attracting  the  notice  of  our  railway  companies, — 
its  timber  being  singularly  hard  and  heavy,  and,  as  far  as  appears,  re- 
markably durable. 

^*  The  comparatively  short  time  that  ordinary  sleepers  last,  and  the  ne- 
cessity there  is  for  constantly  renewing  them,  makes  the  annual  charge,  on 
the  side  of  working  expenses,  in  the  item  of  sleepers  alone,  a  very  heavy 
one  to  our  railway  companies.  And,  if  it  be  true,  as  I  am  told  it  is,  that, 
over  the  kingdom  generally,  as  many  as  six  or  seven  millions  of  sleepers 
are  required  annually  for  the  purpose  of  mere  replacement,  it  is  plain 
that,  should  sleepers  made  of  thb  Spanish  Pine  last  anything  like  twice 
as  long  as  ordinary  sleepers  do,  the  saving  to  the  railway  interest  would 
be  enormous. 

'*  But  however  this  may  be,  these  Spanish  sleepers  are  at  this  moment 
commanding  a  hi^  price  in  the  market,  and  so  eagerly  are  they  sought 
after,  that  it  is  difficult  at  presoit  to  supply  them  kffgely  enough  to  meet 
the  demand. 

''  There  are,  I  understand,  vast  forests  of  this  kind  of  Pine  ^winf  In 
Spain,  particularly  in  the  neighbourhood  of  Bordeaux.  It  is  called  in 
the  country  Pinea  de  Terra,  but  is,  I  suppose,  the  maritime  variety  of 
the  Pinxis  Pinaster.  It  is  so  hard  that  it  cannot  be  creosoted ;  and  it  is  said 
that,  by  burying  the  cut  timber  in  the  moist  sand  on  the  sea-shore  (which 
they  are  in  the  way  of  doing  in  Spain,  at  low  water),  its  density  is  so  in- 
creased after  some  weeks'  or  months'  immersion  there,  as  to  render  it 
almost  imperishable,  and  make  it  incapable  of  being  sawn  or  planed.^' 

Berkeley's  Introduction  to  Cryptogamic  Botany  is  a  most  elaborate 
work,  containing  a  full  account  of  the  structure  and  arrangement  of 
Cryptogamic  plants.  It  supplies  a  want  which  has  been  much  felt  of  late 
in  Britain.  The  work  is  well  worthy  of  the  distinguished  author.  It  is 
intended,  however,  only  for  those  who  have  already  acquired  some  general 
knowledge  of  botany.  There  is  the  want  of  a  table  of  contents  which 
would  certainly  have  been  a  most  valuable  addition.  After  giving  some 
introductory  remarks  on  the  relation  which  cryptogams  bear  to  other 
plants,  the  author  proceeds  to  give  a  minute  account  of  the  structure 
and  physiology  of  the  Order.  He  considers  the  plants  under  the  two 
divisions  of  Uiallogens  and  acrogens.  The  former  are  defined  as  mostly 
herbaceous,  or  provided  with  foliaoeous  appendages ;  foliaceous  appen- 
dages, if  present,  destitute  of  stomata.  Spores  rarely  producing  a  pro- 
thallus ;  and  if  so,  giving  rise  to  a  second  order  of  spores  germinating  at 
definite  points.  Spermatozoids  not  spiral.  The  latter  are  defined  as 
mostly  herbaceous,   and   provided    with    distinct,    often    stomatiferous 
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foliaeeotti  appendages.  Spores  for  the  most  part  pitxlnciiig  a  piotlialliM, 
or  if  not,  oompiieated  fruit,  by  means  of  the  impregnation  of  an  embryonic 
cell ;  spermatozoids  spiral.  Thexe  is  at  the  end  a  list  of  some  of  the  most 
nsefUl  works,  and  memoirs  relating  more  or  less  to  cryptogamic  botany 
in  general,  and  its  several  branches.  The  work  is  one  which  ought  to  bi 
in  Uie  hand  of  every  botanist  who  wishes  to  know  the  state  of  crypto- 
gamio  botany  at  the  present  day. 

Schleiden's  Handbueh  der  Botanischen  Pharmaeognont  has  been  pub- 
lished at  Leipzig.  It  is  a  useful  work  for  those  who  are  studying  the 
botanical  character  of  vegetable  products  used  in  pharmacy.  There  are 
eighty-two  woodcuts,  showing  forms  and  structure  of  roots,  stems,  leaves^ 
fruits,  starch,  ^. 

Dr  Asa  Oray*8  First  Lesions  in  Botany  and  VegetdhU  Physiology, — 
This  excellent  popular  work  is  intended  for  schools.  It  is  illustrated  by  up- 
wards of  366  wood  engravings,  from  original  drawings  by  Isaac  Sprague, 
and  there  is  a  copious  glossary  or  dictionary  of  botanical  terms. 

Dr  Asa  Oray's  Manual  of  the  Botany  of  (he  Northern  United  States, 
2d  edit. — This  work  contain  descriptions  of  the  United  States  plants,  and 
ought  to  be  in  the  hands  of  every  one  who  wishes  to  study  the  northern 
flora  of  the  States.  It  is  drawn  up  by  an  eminent  botanist,  thoroughly 
competent  for  the  task.  The  mosses  and  liverworts  are  described  by 
Wm.  S.  SuUivant,  a  well-known  cryptogamist. 

Mr  Sullivant's  contribution  has  been  also  published  in  a  separate  form. 

Phycologia  Australica.  By  Dr  Haevet.— This  work  has  been  an- 
nounced as  preparing  for  publication.  It  is  to  contain  figures  and  de- 
scriptions of  Australian  seaweeds. 

An  illustrated  work  on  the  marine  botany  of  Australia,  on  the  plan  of 
the  *^  Phycologia  Britannica,^'  will,  it  is  thought,  be  acceptable  to  algo- 
logists  generally,  and  especially  to  those  who  possess  a  share  of  the  du- 
plicate specimens  of  Australian  algse  distributed  by  Professor  Harvey. 
Materials  amply  sufficient  for  a  mach  more  extensive  work  than  that  now 
contemplated  have  been  collected  in  Dr  Harvey's  recent  tour ;  but  it  ia 
fliought  that  a  sufficient  illustration  of  the  subject  may  be  given  by  pub- 
lishing a  selection  of  three  hundred  of  tbe  more  characteristic  and  remark- 
able species.  This  number  will  allow  for  the  full  ilhislration  of  all  the 
genera,  and  of  the  principal  sub-types  comprised  within  each  genua. 

Filices  ExottccB.'^MessTB  Reeve  announce  the  intended  publication  of 
this  work  by  Sir  W.  J.  Hooker.  It  will  contain  figures  and  descriptions 
of  exotic  ferns,  particularly  of  such  as  are  most  deserving  of  cultivation. 

The  drafwings  and  lithographic  plates  will  be  executed  by  Mr  Fiteh, 
who  is  acknowledged  to  stand  unrivalled  as  a  botanical  artist ;  and  Sir 
William  Hooler  has  undertaken  to  edit  the  work,  and  to  furnish  the  de- 
seriptiye  matter.  The  Royal  Gardens  of  Eew  would  in  themselves  afford 
ample  materials  for  such  a  work,  as  the  late  catalogue  of  genera  and 
species  prepared  last  year  by  the  able  curator,  Mr  Smith,  abundantly 
testifies,  although  the  LycopodiacecBy  or  Club  Mosses, — plants  of  exi^uiaxte 
beauty  long  supposed  to  be  of  difficult  cultivation,  but  now  amountmg  to 
numerous  species  in  our  collections, — are  there  excluded  ;  and  it  is  well 
known  that  no  section  of  the  fern-kind  requires  more  accurate  illuatration, 
and  that  none  is  more  difficult  to  determine. 

CHEHISTftT. 

ArUficial  Formation  of  Sapphires,  By  M.  Gavbw. — ^Twenty  years 
since  M>  Oaudin  obtained  artificial  rubies  by  fVising  ammoniacal  alma 
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before,  the  ozyhydrogen  blowpipe,  with  the  addition  of  a  flmall  quan- 
tity of  ehromate  of  potash.  He  has  now  succeeded  in  preparing  per- 
fectly isolated  and  colourless  crystals  of  alumina  in  the  form  of  the 
sapphire.  For  this  purpose  he  introduces  into  a  crucible,  lined  with 
charcoal,  equal  weights  of  alum  and  sulphate  of  potash,  both  preriously 
calcined  and  reduced  to  a  fine  powder,  and  exposes  the  crucible  for  a 
quarter  of  an  hour  to  the  full  heat  of  a  forge.  When  the  crucible  is 
broken,  the  crevices  of  the  lining  are  found  to  contain  a  mass  consisting 
of  sulphuret  of  potassium,  through  which  are  disseminated  the  crystals  of 
alumina.  The  mass  is  treated  with  dilute  aqua  regia^  and  the  crystab 
left  in  the  form  of  a  fine  sand,  which  is  well  washed  with  water.  The 
crystals  vary  in  size,  according  to  the  mass  of  the  materials  employed  and 
the  duration  of  the  heat ;  those  obtained  by  M.  Gaudin,  operating  on  a 
small  scale,  were  about  a  millimetre  in  length.  They  are  colourless,  be- 
cause in  this  process  any  metallic  oxides  which  may  be  added  for  the  pur- 
pose  of  imitating  the  natural  colours  of  the  sapphire  are  reduced  by  the 
charcoal.  They  are  extremely  limpid,  and  surpass  natural  rubies  in  hard- 
ness. The  formation  of  those  crystals  depends  on  the  solyent  action  of 
the  sulphuret  of  potassium,  and  by  means  of  this  substance,  as  well  as  by 
the  chlorides,  fluorides,  and  cyanides,  M.  Gaudin  thinks  it  will  be  possible 
to  obtain  many  other  insoluble  substances  in  crystals. — {CompUi  Kendtu, 
vol.  xliv.,  p.  716.) 

Occurrence  of  Fluorine  tn  the  Mineral  Waters  ofPlombieres,  Vichy, 
and  Contrexcville,  By  M.  Nicklbs.^— According  to  M.  Nickles,  these 
waters  all  contain  fluorine,  the  first  two  in  very  small,  the  latter  in  lar^r 
quantity.  Its  presence  was  determined  by  treating  the  solid  residue  with 
pure  sulphuric  acid,  and  allowing  the  vapours  of  hydro-fluoric  acid  to  act 
on  plates  of  rock-crystal.  He  states  that,  in  making  such  experiments, 
plates  of  glass  must  be  rejected,  as  they  are  corroded  by  sulphuric  acid, 
and  that  even  when  rock-crystal  is  employed,  it  is  necessary  to  purify  the 
sulphuric  acid  with  silica,  in  order  to  ex^  traces  of  hydro- fluoric  acid, 
which  he  says  are  usually  found  even  in  the  distilled,  acid.— ^C7omjpte« 
Bendus,  vol.  xliv.,  pp.  679  and  783.) 

A  New  Oxide  and  Chloride  of  Silicon,  By  M.  WoBLs&.-^-When  sEl- 
oon  is  exposed  to  a  current  of  dry  hydrochloric  acid  gas  at  a  low  red  heat, 
hydrogen  gas  is  evolved  along  with  a  new  chloride  of  silicon.  It  is  a 
liquid  forming  in  the  air,  and  more  volatile  than  the  ordinary  terchloride. 
Water  decomposes  it,  yielding  hydrochloric  acid,  and  new  oxide  in  the 
form  of  a  white  powder,  scarcdy  soluble  in  water,  but  very  soluble  in  the 
alkalies,— even  in  ammonia,  hydrogen  gas  being  disengaged,  and  silicic 
acid  produced.  Heated  in  the  air,  it  catches  fire  and  burns  with  a  white 
flame. — {Compter  Rendua,  vol.  xliv.,  p.  824.) 

On  the  Existence  of  Circular  PoUirization  in  Ci'Miohar  and  Sul- 
phate of  Strychnine.  By  M.  Dbsoloizeaux. — ^It  is  well  known  that 
rock-crystal  is  the  only  mineral  in  which  circular  polarization,  and 
the  remarkable  connection  between  this  property  and  the  position  of 
the  plagihedral  faces,  has  been  observed.  As  tar  as  hitherto  known 
also,  circular  polarization  is  confined  to  singly  refracting  crystals,  or 
crystals  with  only  one  axis  of  double  refraction.  M.  Descloizeaux 
has  now  detected  this  'property  in  cinnabar,  which  very  closely  resem- 
bles rock-crystal  in  this  respect,  for  he  has  found  both  right  and  lefl 
handed  crystals,  as  well  as  coinpound  crystals,  producing  the  phenomena 
observed  in  amethyst  and  the  Brazilian  rock-crystal.  Its  rotatory  power 
is  much  more  considerable  than  that  of  rock-crystal,  for  he  found  that  a 
plate  0*2  millimetres  in  thickness  produced  a  rotation  of  54"*  to  60°,  whUe 
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Biot  ftwerUined  that  a  millimetre  of  rock-cryital  lolatee  only  18^.  Tbe 
TotatoTY  power  of  cinnabar  is  therefore  about  fifteen  times  aa  great.  It 
is  worthy  of  notioe,  that  in  the  rerj  complete  cry  stallographic  examinotiaa 
of  cmnaoar  made  by  Schabus  in  1851,  no  mention  is  made  of  plagDiedral 
faces ;  but  as  these  might  easily  have  been  oyerlooked,  M.  Desdoixeanz 
resolyed  to  make  a  more  minute  examination  of  its  crystaUographicr  forms. 
The  anhydrous  sulphate  of  strychnine  also  possesses  circular  polarisaticm. 
but  only  left-handed  ciyst^  have  as  yet  been  observed ;  its  rotating  power 
is  1*5,  that  of  rock  crystal  being  1. — {Oomptes  Bendus,  voL  zliv^ 
pp.  876,  909.) 

GBOLOOT. 

Tertiary  Fauna  of  Greece — The  Pikermi  Fosnls. — ^In  September  last 
a  collection  of  fossils  was  brought  to  Paris  from  Greece  by  Messrs  Larte. 
and  Gaudry,  and  described  in  a  memoir  submitted  to  the  Academy  of 
Sciences.  They  were  found  at  Pikermi,  a  village  twelve  miles  E.N.K 
Irom  Athens  (supposed  by  Major  Leake  to  occupy  the  site  of  the  ancient 
Attic  Demus  Epacria).  It  stands  at  the  south-east  foot  of  P^telicas,  Id 
a  ravine  cut  by  streams  descending  from  that  mountain,  and  about  four 
miles  fiN>m  the  iEgean  Sea.  The  collection  is  remarkable  for  the  singular 
variety  of  species  it  includes,  of  which  a  few  were  mentioned,  viz : — Sem- 
nopithecus,  a  monkey  ;  a  hedgehog,  or  perhaps  castor ;  two  giraffes,  one 
taller  than  the  living  species ;  a  huge  edent  quadruped,  resembling  the 
sloth  in  form,  named  by  them  Macrotkerium  PentelvcuMj  as  large  as  an 
elephant ;  with  various  bones  of  gallinaoeous  birds  ;  but  no  fishes  or  rep- 
tiles. They  consider  the  deposit  as  intermediate  between  the  Molasse  and 
the  Subappenine  marls— miocene  or  lower  pliocene. 

The  fame  of  these  fossils  had  also  spread  to  Germany,  and  Dr  Roth,  a 
Bavarian,  after  spending  many  months  in  exploring  the  deposit,  has 
brought  home  a  rich  collection  of  the  bones,  which  are  described  by  him- 
self and  M.  Wagner  in  a  report  to  the  Royal  Academy  of  Munich.  They 
make  a  large  addition  to  those  above  named,  including  remains  referable 
to  no  less  than  nineteen  distinct  species  of  quadrupeds.  The  monkey,  in 
Dr  RotVs  opinion,  is  not  the  Semnopithecus,  but  an  animal  intermediate 
between  that  and  the  gibbon.  He  found  ive  species  of  camivora — 1. 
A  viverrine,  which  he  has  named  IcHtheri'wm ;  2.  A  glutton,  Oulo  iVi- 
migenius;  3.  A  hyssna  (H.  eximia) ;  4.  A  wolf,  smaller  than  the  living 
European  one ;  5.  A  leonine  animal,  MachceroduSf  larger  than  the  living 
lion  or  tiger ;  6.  A  rodent,  Lamprodon  (beaver)  believed  to  be  a  hedge- 
hogby  Lartet ;  7.  An  edent,  the  Ma^crotherium  previously  mentioned ; 
8.  The  Hippotherium  gracile,  or  ancient  horse,  whose  bones  were  so 
abundant  as  to  enable  Dr  Roth  to  construct  a  complete  skeleton ;  9.  Three 
jaw-bones  of  an  animal  termed  Hipparion^  a  doubtful  species,  supposed 
to  have  been  a  three- toed  horse  ;  10.  iSfus  ErymantkuSf  a  hog  larger  than 
the  wild  boar;  11.  The  femur  of  a  Mastodon;  12.  Part  of  a  cranium 
with  five  teeth  of  a  rhinoceros.  Of  ruminant  animals  there  are  the  re- 
mains of  five  species  of  antelopes,  a  goat,  and  an  ox  (Bos  Marathonius) 
larger  than  the  bison.  Of  the  nineteen  species  of  extinct  animals  exhumed 
fix>m  this  rich  deposit,  thirteen  are  considered  new.  Dr  Roth  met  with 
no  bats  or  insectivora,  and  Lartet  and  Gaudry,  as  already  stated,  found 
no  fishes  or  reptiles.  The  bones  were  much  broken,  and  no  complete 
skeleton  was  found  with  all  the  parts  united. 

Now,  this  singular  assemblage  of  bones  was  found  at  the  foot  of  Pente- 
licus,  on  the  south  side,  at  a  point  where  several  streams  unite,  just  in  the 
position  where  we  would  expect  to  find  them  if  the  animals  had  lived  and 
aied  on  the  mountain,  and  left  their  spoils  to  be  swept  down  by  rains  and 
torrents  and  buried  in  the  mud  and  sand  they  brought  with  them.    Is 
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this,  then,  a  piotare  of  the  fituna  of  Attica  towaids  the  etnd  of  the  tertiaiy 
period — ^thoufands  of  jean  before  man  existed  ?  Were  races  so  dissimi- 
lar denizens  of  the  mountain  at  the  same  time  9  Did  the  giraffe,  the 
monkey,  the  horse,  the  ox,  the  goat,  the  antelope,  the  hog,  dwell  in  com- 
pany with  the  mastodon,  the  rhinoceros,  the  lion,  the  wolf,  the  hjsena  ? — 
and  upon  a  single  mountain  of  very  limited  extent  ?  In  Major  Leake's 
map  of  Attica,  I^eutelicus  is  only  nine  or  ten  miles  long,  its  breadth  can- 
not exceed  three  miles,  and  its  height,  if  our  memory  may  be  trusted,  does 
not  exceed  3000  feet.  In  the  living  world  are  there  spots  where  a  fauna 
so  diversified  and  heterogeneous  exists  within  so  narrow  a  space — ^narrow 
eren  if  the  animals  belonged  to  all  Greece  ?  Does  it  not  look  rather  like 
a  group  collected  £rom  different  countries  and  different  climates  ?  This  is, 
in  reality,  the  conclusion  to  which  Messrs  Lartet  and  Gaudry  arrived. 
Founding  on  the  apparent  improbability  of  so  many  and  such  gigantic  ani- 
mals living  on  a  peninsula  so  narrow  as  Greece,  and  so  intersected  by  ele- 
vated chains,  they  have  been  led  to  suppose  that  the  Greece  of  our  days 
and  its  isles  are  only  the  debris  of  a  great  continent  (which  they  term 
Greco- Asiatic)  now  buried  under  the  waves  of  the  Archipelago  and  the 
Mediterranean.  It  was  in  this  state  when  the  hippurite  limestone  (a  mem- 
ber of  the  chalk  formation)  was  deposited,  and  afterwards  the  nummulitic 
or  lower  tertiary.  The  whole  was  then  raised  up,  forming  one  continuous 
rang^e  of  land  with  Asia  Minor.  Upon  this  land  the  extinct  quadrupeds 
of  Pikermi  lived,  and  here  the  anmials  of  Armenia,  Syria,  and  Arabia 
might  meet  and  mingle  with  those  of  lUyria  and  Thessaly.  Subsequently, 
two  great  lines  of  fracture,  nearly  at  right  angles  to  each  other,  shattered 
this  Greco- Asiatic  continent,  sinking  the  part  of  it  which  forms  the  JEgean 
Sea,  separating  part  into  islands,  and  leaving  Greece  something  like  the 
present.  A  yet  later  movement,  *^de  bascule,'*  or  see-saw,  like  the  two 
ends  of  a  scale-beam,  depressed  the  southern  part  of  the  country  under  the 
sea,  about  the  Subappenine  period,  and  forced  the  land  animals  to  seek 
refuge  in  the  mountuns  ;  those  in  or  near  the  plain  of  Athens  escaped  to 
Pentelicus,  where,  cooped  up  within  a  narrow  space,  they  perished  from 
insufficiency  of  food,  and  their  bones,  exposed  to  the  elements,  were  washed 
down  by  rains  and  torrents  to  the  ravine  of  Pikermi.  The  bones,  with  the 
exception  of  a  monkey,  are  those  of  quadrupeds  only,  because  we  presume 
the  slow-paced  reptiles  had  not  time  to  save  themselves ;  and  no  fish  are 
found,  probably  because  the  Subappenine  sea  had  not  remained  long 
enough  at  the  foot  of  the  mountain  to  allow  the  finny  tribes  to  settle  and 
breed. 

Few  men  are  so  well  qualified  as  M.  Lartet  by  their  previous  labours 
to  throw  light  on  the  problem  of  the  Pikermi  bones.  We  owe  to  him 
nearly  all  our  knowledge  of  the  stiU  richer  and  more  varied  collection  of 
fossils  discovered  in  the  lacustrine  deposit  at  Sansan,  close  to  the  north 
foot  of  the  Pyrenees,  which  is  as  great  a  riddle  as  that  of  Pikermi,  and  not 
yet  solved.  From  that  spot  and  the  adjacent  localities  of  Simorre,  Lom- 
bex,  and  Touman  (department  of  Gers),  M.  Lartet  disinterred  no  less 
than  ninety-eight  genera,  subgenera,  or  species  of  mammalia  and  reptiles, 
a  gigantic  bird  {Pelagomis),  and  some  fresh- water  fishes.  Among  the 
quadrupeds  are  nearly  all  those  found  fossil  over  the  rest  of  France,  and 
representatives  of  nearly  all  the  mammalian  family — ^the  plantigrade  Car- 
nivora,  except  the  bears  properly  so  called,  the  digitigrade  Gamivora,  the 
£dentata,  Kodentia,  Pachydermata,  and  Ruminantia,  and  also  a  bat  and  a 
monkey.  Among  the  genera  belonging  to  these  families  we  have  the 
rhinoceros,  elephant,  mastodon,  deer,  antelope,  tapir,  hog,  dog,  wolf, 
civet,  marten)  hyeena,  ox,  paleotherium,  anoplotherium,  and  dino&erium. 
They  exceed  the  Pikermi  fossils  in  variety  as  much  as  the  Pyrenees  ex- 
ceed Pentelicus  in  length  and  breadth.    The  late  M.  Provost,  an  able  geo- 
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logbt,  attempted  to  explain  bow  lo  many  land  animalii  wen  swept  into 
one  gmall  firesh  water  lake  {Bulletin  de  la  SociUi  Otologiqut,  1847-6,  p. 
338),  but  D'Arcbiac,  a  rery  higb  autboritj,  pronounces  bia  explanatimff 
a  failure.~C  M. 

Kidderminster  Depoaits^^Cambrian  Bocks — McUvems — HoUyhuJk 
Sandstone. — We  bave  been  informed  bj  tbe  President  of  tbe  Malvern 
Natural  History  Field  Gub  (Rev.  W.  S.  Symonds),  tbat  a  large  ann<did, 
Trachyderma  antiauiasima,  Salter,  has  been  detected  by  Dr  Grimaifaod 
in  tbese  deposits.  This  gentleman  has  probably  made  a  still  more  im- 
portant disoorery  in  the  lower  Ludlow  shales,  but  which  awaits  farther 
anvestigation. 

Kidderminster  Passage  Beds  of  the  Upper  Tilestones  into  Old  Red 
Comstones. -^The  organic  remains  of  these  deposits  hare  been  deteirained 
by  Sir  P,  de  Grey  Egcnrton  and  Mr  J.  W.  Salter. 

Fithet —  ] 

Cephalftspis  Lyellii,  )     Old  Red  fossils. 

G.  Lloydii,  J 

Pterygotas  problematicus,   | 

P.  AngliciM,  >  Upper  Silariaa  fossiltu 

Ptenspis  Banksii,  I 

P.  ornatus,  J 

Plants — Very  abandant,  with 
Parka  decipiens. 

Oeneralities  of  the  Geology  of  Northern  California  and  Oregtm. — ^At 
tbe  Albany  meeting  of  the  American  Association,  Dr  Newberry  gare  a 
general  view  of  the  geology  of  Oregon  and  that  part  of  Galifbmia  lying 
north  of  San  Francisco,  and  of  the  age  and  structure  of  the  three  ranees 
of  mountains  which,  he  said,  gave  character  to  the  topography  of  tbe  Far 
West,  and  of  the  yaUeys  which  lie  between  them.     These  **  valleys,**  he 
said,  were  rather  plains  or  plateaus  than  valleys.  The  Sacramento  Valley 
was  a  plain  lying  between  the  Coast  Range  and  Sierra  Nevada — for  the 
most  part  destitute  of  trees — through  which  the  river  ran  with  tortttoas 
course,  like  a  brook  in  a  meadow.    In  the  lower  part  of  the  Sacramento 
Valley,  there  were  no  rocks  older  than  tertiaiy ;  but  at  the  head  of  the 
valley  he  had  found  the  carboniferous  limestone— clearly  marked  by  its 
characteristic  basalts,  on  which  were  lying  the  cretaceous  and  tertiary 
strata,  precisely  as  on  the  Upper  Missouri. 

Grossing  the  volcanic  spur  of  the  Sierra  Nevada  connecting  Mount 
Shasta  with  that  great  chain  of  mountains,  he  had  descended  into  tbe 
Klamath  Basin,  which  he  said  formed  an  appendage  to  the  great  basin  of 
the  Salt  Lake,  and  was  a  plain  somewhat  cut  by  subordinate  ranges  of 
mountains,  lying  at  a  considerable  elevation,  and  containing  a  large  num- 
ber of  lakes,  of  which  the  Klaraatb  were  the  most  important.    This  basin 
was  drained  through  the  cafions  of  Pit  river,  the  largest  tributary  of  the 
Sacramento,  which,  like  the  Klamath  river,  had  forced  its  way  through 
the  mountain  ranges  which  lay  between  the  basin  and  the  sea ;  Pit  river 
flowing  through  an  impassable  cation  nearly  an  hundred  miles  in  length. 
The  Klamath  basin  was  once  to  a  much  greater  extent  covered  by  water 
than  now ;  and  before  it  was  so  perfectly  drained  as  now,  its  waters  de- 
posited a  variety  of  strata,  some  of  which  were  as  white  and  fine  as  chalk, 
though  having  a  very  different  composition. 

He  said  further,  that  the  basin  or  plateau  of  the  Des  Chutes  was  not 
separated  by  any  barrier  from  that  of  the  Klamath  lakes,  and  exhibited 
all  its  peculiar  features  still  more  strongly  marked.  The  Des  Chutes 
basin  was  a  plateau  lying  between  the  Cascades  and  the  Blue  Mountains, 
and,  with  the  Klamath  basin,  belonged,  from  its  topography,  geology, 
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fauna,  flora,  and  dimate,  to  the  great  central  basin.  Like  the  Klamath 
basin  it  was  onoe  coTered  with  water — ^was  a  lake  drained  by  the  Colombia, 
as  now,  bat  not  so  perfecth^  drained.  The  Colnmbia  had  been  graduallj 
deepening  its  bed.  The  Des  Chutes  Lake,  as  it  then  was,  had  aepositea 
sediments  to  the  depth  of  2000  feet  or  more,  for  the  streams  which  now 
traverse  it  have  cut  cations  in  this  plateau  to  that  depth.  These  sedi- 
ments were  covered  bj  a  floor  of  trap  which  had  been  poured  evenly  over 
the  whole  suiface-— which  had  not  been  subsequently  disturbed,  and  when 
broken  open,  exhibited  a  columnar  structure — the  columns  being  quite 
perpendicular,  and  sometimes  one  hundred  feet  in  height.  Below  the  trap 
was  a  series  of  strata  exhibiting  all  possible  varieties  of  volcanic  tufa, 
tome  very  fine  and  chalky,  others  coarser ;  and  the  different  layers,  which 
were  from  two  to  ten  feet  in  thickness,  and  perfectly  parallel,  were 
coloured  with  all  the  hues  of  the  rainbow — ^red,  green,  yellow,  blue, 
fim,nf^,  pink,  white,  &c.,  and  as  highly  coloured  as  a  geological  chart  for 
a  lecture  room.  It  had  often  happened  to  him,  travelling  over  this  pla- 
teau, to  come  suddenly  and  without  any  warning  to  the  brink  of  one  of 
these  cafions  two  thousand  feet  deep,  at  the  bottom  of  which  a  stream  was 
flowing. 

The  Cascade  Mountains,  he  said,  were  not  a  simple  chain,  but  a  broad 
belt  of  mountain  peaks,  sometimes  fifty  miles  or  more  in  width,  many  of 
the  summits  being  covered  with  perpetual  snow,  the  passes  being  generally 
about  7000  feet  in  height.  He  had  found  extensive  proofs  of  the  exist- 
ence, at  a  former  period,  of  glaciers  capping  the  Casouie  range,  and  ex- 
tending far  below  the  present  limit  of  ^rpetual  snow.  The  Cascade 
range  was  eminently  volcanic,  abounding  in  craters,  lava  fields,  and  con- 
cealed lava  streams,  all  as  fresh  and  ragged  as  though  just  poured  out 
from  some  volcano ;  indeed,  Mount  Hood  and  Mount  St  Helens  may  still 
be  considered  as  active  volcanoes,  giving  off  gases  and  steam  continually, 
and  within  a  few  years  have  emitted  showers  of  ashes. 

Professor  N.'s  theory  of  the  excavation  and  filling  of  the  valleys  of 
California  and  Oregon  was,  that  at  one  time,  probably  at  a  period  cor- 
responding with  that  of  the  drift  in  the  Eastern  States,  all  that  portion  of 
the  continent  was  raised  to  such  an  altitude  as  to  produce  a  degree  of  cold 
which  covered  the  mountains  and  filled  the  valleys  with  ice.  By  this  ice 
the  surfaces  of  rock  were  worn  down,  and  the  marks  of  glacial  action 
which  now  abound  produced.  The  valleys  were  excavated  in  part  by 
this  process.  As  the  continent  was  depressed,  the  valleys  were  occupied 
by  water,  in  which  the  ashes  from  ranges  of  active  volcanoes  were  dis- 
charged and  arranged  in  strata  of  sediment.  As  the  drainage  of  these 
basins  progressed  by  the  cutting  down  of  the  outlet,  they  were  gradually 
converted  to  the  dir  plains  which  they  now  are. 

Among  other  points  of  interest  in  the  geology  of  the  West  which  were 
touched  upon,  was  the  geological  age  of  the  coal  deposits  of  Oregon  and 
Washington  territories,  all  of  which  Prof.  N.  said  were  tertiary,  and  were 
associated  by  unmistakeable  tertiary  fossil  plants. — {WelU*^  Annual,) 

New  Fossil  Shell  from  the  Connecticut  River  Sandstone. — ^Mr  £. 
Hitchcock,  Jr.,  in  a  communication  to  **  SDliman^s  Journal,"  states  that  he 
has  recently  found  in  the  coarse  sandstone  of  Mount  Tom  (Easthampton, 
Massachusetts),  a  shell  of  a  mollusc,  the  first,  he  believed,  that  has  been 
discovered  in  the  sandstone  of  the  Connecticut  Valley.  It  is  preserved, 
and  not  petrified,  and  a  considerable  part  of  it  has  disappeared.  Enough 
remains,  however,  to  enable  us  to  refer  it  to  a  family,  if  not  to  a  genus  of 
shells.  The  upper  part  is  gone,  leaving  an  oval  opening  about  an  inch 
and  three  quarters  in  one  diameter,  and  an  inch  and  one  quarter  in  the 
other.    It  extends  downwards,  tapering  somewhat  rapidly  nearly  an  inch 
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and  a-half,  and  is  left  without  a  bottom,  the  lower  opening  being  about 
an  inch  wide.  The  walls  are  yerj  thick,  in  some  pbices  nearly  half  an 
inch,  and  made  up  of  several  concentric  layers,  from  the  resemblanee 
of  this  shell  to  a  model  of  the  lower  yalre  of  the  Sphcerulites  ccUceoUndes 
in  the  Cabinet  of  Amherst  CJoUege,  it  seems  probable  that  it  may  be  re- 
ferred to  that  family  of  Brachiopods  denominated  RndistsD  by  Lamarck. 
Its  lower  parts,  as  well  as  the  lower  yalve,  are  missing,  but  what  remains 
approaches  nearer  to  the  genus  Sphserulites  than  to  any  other  of  the 
RudistsR  of  which  he  has  seen  specimens  or  figures.  This  fossil  seems  to 
lend  additional  strength  to  the  inference  derived  firom  the  discovery  of 
the  Glathropteris,  that  the  upper  part  of  the  sandstone  of  the  Connecticut 
Valley  is  as  high  at  least  as  the  Liassic  or  Jurassic  series.  It  might  seem 
even  to  carry  us  higher  in  the  series,  but  it  would  be  premature  to  draw 
such  an  inference  m)m  a  single  imperfect  specimen,  even  though  its  true 
analogies  be  ascertained.  The  specimen  now  belongs  to  Amherst  CoU^e 
Cabinet.— (  WelU'a  Annual.) 

PHYSICAL  SCIENCB. 

New  Planets  Discovered  in  1856. — The  number  of  planetary  bodies  be- 
longing to  the  solar  system  has  been  increased  during  the  past  year  by 
the  discovery  of  fi^e  new  asteroids.  The  whole  number  of  the  asteroids 
at  present  date  is  forty-two. 

The  thirty -eighth  asteroid,  appearing  as  a  star  of  the  10th  magnitude, 
was  discovered  by  M.  Chacornac  at  Paris  on  the  12th  of  January.  It 
has  received  the  name  of  Leda, 

In  announcing  this  discovery  to  the  French  Academy,  M.  Leverrier 
remarked,  that  he  was  now  convinced  that  a  large  number  of  small  planets 
exist  between  Mars  and  Jupiter,  and  that  before  1860  probably  as  many 
as  a  hundred  will  have  been  detected. 

On  the  8th  of  February,  M.  Chacornac  also  discovered  the  thirty-ninth 
asteroid,  which  appears  as  a  star  of  the  9th  magnitude,  and  has  been 
called  Lcetitia. 

On  the  31st  of  March,  M.  Qoldschmidt  at  Paris  discovered  the  fortieth 
asteroid,  Harmonia,    It  appears  as  a  star  of  the  9-lOth  magnitude. 

On  the  22d  of  May,  M.  Qoldschmidt  discovered  the  forty -first  asteroid, 
Dcmhne^  appearing  as  a  star  of  the  11 -12th  magnitude. 

On  the  23d  of  Mav;  the  forty-second  asteroid,  Isis^  was  discovered  by 
Mr  Poyson,  of  the  Kadcliffe  Observatory,  Oxford,  England.  It  was  then 
rather  brighter  than  a  star  of  the  lOth  magnitude. — (  WelU  Annual,) 

On  the  Oriqinal  Asteroid  Planet, — ^In  a  paper  read  to  the  American 
Association,  Albany,  Professor  Alexander  succinctly  re-stated  the  prin- 
cipal features  of  his  hypothesis  advanced  last  year,  viz.,  that  there  was 
originally  but  one  planet  between  Mars  and  Jupiter,  and  that  this,  in- 
stead of  the  ordinary  form,  approximating  closely  to  a  sphere,  had  the 
shape  much  very  like  that  of  a  very  thin  wafer,  &e  equatorial  diameter 
being  enormous  in  comparison  with  the  polar.  In  one  determination  of 
the  equatorial  diameter,  he  made  use  of  the  mass  of  the  planet  derived 
from  a  new  relation  of  masses  and  distances,  which  itself  seemed  to  be  a 
consequence  of  the  nebular  hypothesis.  Four  other  determinations  were, 
however,  given  in  that  connection ;  but  that  which  included  the  most  ex- 
tensive relations  was  also  the  most  consistent  with  other  and  independent 
results. 

The  other  method  of  obtaining  the  equatorial  diameter  consisted,  as 
before ,  in  determining  and  applying  the  difference  of  the  velocity  of  those 
asteroids  which  approach  most  nearly  to  one,  and  live  in  their  aphelia 
and  perihelia  respectively. 

The  two  independent  results  were  as  follows  : — 
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Equatorial  diameter, {63  846}°^^®*" 

The  polar  diameter  must  have  been  yerj  small,  as  it  was  independent 
of  the  densitjr.  With  a  density  equal  to  that  of  the  earth,  it  would 
be  only  from  about  8^  to  11  jf  miles,  rfo  less  than  eleven  facts  were  stated, 
which  this  hypothesis  would  reooncile.  The  recently  discovered  asteroids 
bad  the  position  of  their  orbits  represented,  and  the  inclination  of  the 
orbit  of  the  original  planet  was  deiduoed  anew,  and  found  to  be  about 
4  deg.  20  min. — {Weirs  Annual.) 

Parallax  of  the  Fixed  Stars. — ^M.  Struv^,  the  astronomical  director  of 
the  Pulkowa  Observatory,  Russia,  in  his  recent  annual  report,  says : — In  my 
astronomical  pursuits  the  parallaxes  of  fixed  stars  have  taken  a  prominent 
part  during  the  last  year,  and  I  think  I  have  made  a  considerable  pro- 
gress in  these  researches.  Now  that  the  methods  of  observation  are  en- 
tirely fixed,  I  am  quite  sure  that  if  there  is  a  difference  of  parallax  of 
O^'l  between  any  couple  of  stars  situated  at  a  distance  less  than  &  £rom 
another,  four  observations  maiie  at  the  epochs  of  maxima  and  minima 
will  be  entirely  sufi[icient  to  prove  its  existence,  and  to  define  its  amount 
within  very  narrow  limits. 

A  short  review  of  my  observations  shows  that  fi  Cassiopeiss  has  a 
parallax  of  more  than  (y*3,  t?  Cassiopeise  of  more  than  0^*2,  and  Capella 
of  between  0"*!  and  0"'2.  For  all  these  cases,  the  results  obtained  by  the 
angles  of  position  agree  remarkably  with  those  furnished  by  the  distajioes. 

The  observations  of  other  stars,  namely  of «» Tauri,  at  Aquil®, «  Andro- 
medse,  and  «  Cassiopeiae,  are  about  to  be  closed ;  but  to  guard  me  against 
any  pre-oocupation,  not  even  the  first  step  has  been  made  for  the  reduc- 
tion of  these  observations. — (Wells's  Annual,) 

Observations  on  Saturn. — ^At  a  late  meeting  of  the  American  Academy, 
Mr  W.  E.  Bond  exhibited  some  diagrams  of  the  planet  Saturn,  and  men- 
tioned various  facts  concerning  it ;  namely,  that  the  inner  edge  of  the 
rings  is  constantly  approaching  the  planet  itself;  that  the  ball  is  seen 
through  the  rings,  which  are  consequently  transparent ;  that  the  colour 
is  different  in  different  parts  of  the  rings,  the  equatorial  regions  being 
white,  the  temperate  region  reddish,  and  the  polar  bluish.  He  also  men- 
tioned that  the  shadow  of  the  ball  upon  the  rmg  can  be  seen  on  both  sides 
of  it,  being  on  one  side  rather  faint,  but  on  the  other  quite  decided.  This 
anomalous  appearance  he  first  noticed  in  October  1852,  and  as  yet  he 
could  give  no  satisfactory  explanation  of  it,  nor  of  the  singular  shape  of 
the  shadow,  the  convexity  of  which  was  towards  the  baU  instead  of  from 
it,  as  it  might  be  expected  to  be.  His  observations  were  made  with  the 
great  Cambridge  refractor  in  the  years  1852,  1854,  and  1855. 

Professor  Pierce,  at  the  American  Association,  in  a  discussion  on  the 
constitution  of  Saturn's  ring,  observed  that  the  analogy  between  the  ring 
of  Saturn  and  the  belt  of  the  asteroids,  was  worthy  of  notice.  It  was  to 
be  remembered  that  in  order  to  have  Satum^s  ring  remain  continuous 
and  flattened  into  so  thin  a  sheet,  the  radial  or  vertical  tide  in  the  ring 
produced  by  the  satellites  must  be  neither  too  large  nor  too  small.^  But 
if  the  solar  system  were  formed  according  to  the  nebular  hypothesis,  the 
tides  in  the  remaining  mass,  after  the  formation  of  Jupiter,  must  have 
been,  from  his  great  size,  extraordinarily  great,  and  have  produced  a 
different  sort  of  ring  at  the  distance  of  the  asteroids  firom  those  produced 
for  the  other  planets. 

Mr  Vaughan  observed  that  the  orbits  of  interior  planets  would  render 
those  of  exterior  ones  circular,  as  grinding  a  stopper  in  the  neck  of  a  jar 
rendered  it  circular. — (Wells^s  Awnual.) 

Solar  Spots, — The  following  is  an  abstract  of  a  paper  communicated 
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to  the  Americaa  Assoeuition  <m  the  ftbove  sabjeet  hy  Dr  Peten  of  Den- 
mark:— 

His  oonelusions,  he  said,  were  drawn  from  obwrrations  made  in  Naplei 
in  the  year  184d-6.  He  and  his  collaboratetirB  had  computed  eight  hun- 
dred and  thirteen  heliographic  places  of  two  hundred  and  eighty-six  spots. 
They  had  ascertained  that  the  spots  were  not  invariably  attached  to  the 
sun's  surface,  but  that  they  had  motions  of  their  own.  These  motions 
were  a  general  tendeney  to  more  towards  the  equator,  and  where  a  new 
•pot  broke  out  in  the  neighbourhood  of  another,  the  old  one  moved  away 
from  it  as  if  it  were  pushed  away.  New  spots  goierally  broke  out  to  the 
east  of  old  ones,  and  had  a  motion  towards  the  west,  and  the  motions  in 
longitude  were  fiur  more  considerable  than  those  in  latitude.  These  mo- 
tions were  in  some  instances  at  the  rate  of  three  or  four  hundred  miles 
in  an  hour.  Two  zones  of  the  sun's  surface  were  particularly  fruitful  in 
•pots  :  the  maximums  occurring  at  the  parallels  of  21  degrees  of  north 
latitude,  and  17  degrees  of  south.  Instimces  had  been  noticed  in  which 
•pots  reappeared  after  an  interval  of  two  or  three  hundred  days,  although 
there  was  one  difficulty  in  determining  this  accurately,  arising  from  ue 
uncertainty  of  the  time  of  rotation.  Since  spots  arose  from  invisible 
points  at  tne  exact  moment  of  their  origin,  tiiey  could  not  be  studied. 

The  first  indication  which  the  telescope  reveided  was  a  sort  of  bubbling 
agitation  in  the  luminous  layer.  To  this  succeeded  a  small  spot,  which 
rapidly  attained  its  full  size— almost  always  in  the  course  of  a  day.  They 
remained  in  this,  the  vigorous  epoch  of  their  life,  with  a  well-defined  pe- 
numbra of  regular  and  rather  smiple  shape,  for  ten,  twenty,  and  some- 
times even  for  fifty  days.  But  at  last  their  time  came.  Their  margin 
had  always  been  slightly  notched,  and  soon  the  notches  grew  ominously 
large  and  deep,  penetrating  far  iato  the  mystic  realm  of  darkness,  while 
hostile  columns  of  light  arose,  as  if  by  magic,  occupying  the  centre. 
Deeper  and  deeper  grew  the  invading  notches,  until  at  last  electric 
flashes  passed  between  two  of  the  more  prominent,  across  the  disc.  The 
victory  was  gained,  the  centre  pierced,  and  the  spot  divided  into  two,  after 
which  it  was  very  easy  to  cut  it  up  in  detail.  I>r  Peters  explained  these 
facts  by  the  assumption  of  volcanoes  sending  up  gaseous  matter  which 
parts  the  luminous  covering.  All  the  world  knows  that  the  sun 
IS  supposed  to  have  at  least  two  atmospheres, — ^the  one  next  its  surface 
dark  but  supporting  another  which  is  luminous,  and  which  sends  forth 
light  and  heat. — {Wells's  Annual.) 

Photogrixphic  Astronomy. — Those  interested  in  the  progress  of  astro- 
nomy may  recollect,  that  about  six  years  ago  an  account  was  published  in 
the  *' Boston  Traveller"  of  daguerreotype  impressions  of  the  stars  Vega  and 
Castor  having  been  obtained  at  the  Observatory  of  Harvard  CoU^,  by 
the  aid  of  the  great  equatorial  telescope.  This  was  the  first  suoeessml  at- 
tempt to  procure  photographic  images  of  any  of  the  fixed  stars  that  has 
come  to  our  knowledge ;  but  at  that  time  it  was  found  impossible  to  ex- 
tend the  process  to  stars  of  lesser  magnitude.  This  was  attributed  to  the 
want  of  sufficient  susceptibility  in  the  daguerreotype  plates,  and  the  defi- 
ciency of  power  and  regularity  in  the  machinery  designed  for  giving  the 
telescope  a  uniform  siderial  motion. 

These  deficiencies  have  been  recently  supplied ;  first,  by  the  construc- 
tion of  a  driving  clock  on  the  principle  of  the  spring  eovemor,  in  which 
the  rotary  motion  of  the  fly-wheel  is  regulated  by  an  oscillating  pendulum, 
which  has  been  found,  from  several  years'  practical  application,  to  be  the 
most  perfect  regulator  of  rotary  motion  yet  devised.  A  machine  of  this 
description  has  been  adapted  to  the  great  telescope  by  those  excellent 
mechanicians,  Messrs  George  and  Alvan  Clark  of  East  Cambridge,  assisted 
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by  their  fkther,  Mr  Alran  Clark  senior.  This  point  hannff  been  satis* 
faetorily  accomplished,  we  obtained  the  assistance  of  Messrs  Whipple  and 
Black,  whose  scill  as  da^aerreotjpists  is  nnsurpassed.  We  knew  them 
to  be  deepljr  interested  in  the  success  of  these  experiments,  and  it  is  to 
those  gentlemen  that  we  are  principally  indebted  for  whatever  of  success 
has  crowned  onr  efforts  in  the  perfect  delineation  of  stars  of  the  leaser 
magnitudes,  and  of  the  group  of  stars  composed  of  Mizar  and  its  com- 
panion, and  Alcor,  and  also  of  other  stars  ranging  from  the  first  to  the 
fifth  magnitude,  evidencing  that  all  stars  usually  visible  to  the  unassisted 
eye  may  be  mapped  by  the  aid  of  photography  with  a  degree  of  accuracy 
unsurpassed  by  the  most  refined  measurements.  Of  this  accuracy  we  have 
abundant  testimony  by  measuring  the  distances  of  the  photographic 
images  taken  on  dinerent  nights. 

The  last  report  of  the  Council  of  the  Royal  Astronomical  Society  of 
London  contains  the  following  paragraph  : — 

'*  We  may  remind  our  readers  that  no  one  has  at  present  produced  on 
our  table  a  photographic  image  of  a  fixed  star.  A  good  or  even  a  mode- 
rate photographic  image  of  a  group  such  as  the  Pleiades  would  be  some- 
thing we  have  not  yet  had  the  pleasure  of  seeing ;  and  a  fair  approach  to 
getting  an  instantaneous  image  of  a  group  of  faint  points  might  lead  the 
way  to  results  of  great  importance." 

The  connection  of  photography  with  astronomy  has  thus  become  most 
intimate,  and  combined  with  the  electro-magnetic  method  of  recording 
astronomical  observations,  seems  destined  to  efiect  a  complete  revolu- 
tion in  the  methods  formerly  pursued  in  observing  the  positions  and  phy- 
sical conditions  of  the  heavenly  bodies. — W.  C.  Bond. — ^May  7, 1857.— 
{Bo9tcn  {U.8.)  Daily  Advertiser.) 

Notice  of  a  Powerful  Electric  Induction  Coil  constructed  b^  E.  S. 
Ritchie  of  Boston,  U.S. — (Communicated  by  Prof.  William  B.  Kooers.) 
— An  induction  apparatus  has  lately  been  constructed  by  Mr  £.  S.  Ritchie 
of  Boston,  which  greatly  exceeds  in  power  the  French  Ruhmkorff  appa- 
ratus, and  surpasses  even  the  most  energetic  of  the  improved  coils  described 
by  Mr  Hoarder  of  Plymouth.  Of  the  first  of  Mr  Ritchie's  instruments  a 
short  notice  was  published  in  the  May  number  of  ^^  Silliman's  Journal." 
In  this  the  secondary  wire,  about  seven  thousand  feet  in  length,  is  wound  in 
the  usual  way,  by  continuous  layers  reaching  from  end  to  end  of  the  spooL 
The  condenser  is  made  of  sheets  of  tin- foil,  separated  by  double  sheets  of 
varnished  pa})er.  The  primary  current  is  derived  from  four  Bunsen  cells, 
arranged  tot  intensity.  When  in  action  this  instrument  affords  a  spark 
in  the  air  between  the  terminals  of  the  induction  coil  of  from  2  to  2^ 
inches  long. 

In  the  more  powerful  apparatus  since  constructed  by  Mr  Ritchie,  he 
has  adopted  an  ingenious  mode  of  winding  the  secondary  wire,  which  has 
the  effect  of  dividing  the  coil  into  a  multitude  of  flat  rings.  The  advan- 
tage of  such  an  arrangement  had  already  been  suggested  by  Poggendorf» 
but  without  any  attempt  to  carry  it  into  effect,  or  any  intimation  as  to 
how  it  might  best  be  done.  In  order  to  obtain  the  result,  Mr  Ritchie  be- 
gins the  winding  at  one  end  of  the  spool  by  laying  down  the  wire  in 
successively  widening  circuits  on  a  conical  sur/ac«,  having  a  steep  slope 
towards  the  cylinder  of  the  spool.  After  covering  the  conical  surface 
with  a  layor  one  wire  in  thieniess,  the  wire  is  earned  down  to  the  ^ool 
to  commence  a  second  similar  layer,  and  thus  on  to  the  end  of  the  spool ; 
the  successive  layers  being  separated  by  rings  of  gam  elastic,  and  the  wire 
imbedded,  as  the  winding  proceeds,  in  non-conducting  current.  When 
wound  in  this  way,  it  is  evident  that  the  eontiguons  ]^irts  of  two  adjoin- 
ing layers  eaaaot  be  sepaBated  by  a  length  of  wire,  counting  along  the 
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coil,  greater  than  the  length  of  wire  in  the  conical  lajer.  Henee  but 
little  difference  of  tension  can  exist  in  the  current  of  adjacent  lajers,  and 
therefore  bat  little  tendency  to  a  discharge  across  the  interposed  non-«on- 
dacting  materiaL 

In  f£is  apparatus  the  secondary  ooil  consists  of  about  thirty  thonsand 
feet  of  very  fine  wire,  wound  in  the  manner  above  described,  and  the 
primary  of  only  a  few  hundred  feet  of  a  very  thick  wire,  the  two  being 
separated  by  the  walls  of  a  thick  and  rather  narrow  bell-glass,  so  as  effec- 
tually to  insulate  the  one  coil  from  the  other.  The  condenser  ia  con- 
structed  as  in  the  first  instrument,  but  with  a  larger  surface. 

Using  the  current  from  four  Bunsen  cells,  which  has  been  found  to 
give  as  great  effect  as  a  larger  number,  we  obtain  between  the  terminala 
of  the  secondary  coil,  in  free  air,  a  sparh  ranging  from  five  and  a-halfto 
MX  ctnd  a-half  inches ;  while,  as  might  be  expected,  the  other  phenomena 
exhibited  by  the  apparatus  are  of  extraordinary  energy  and  splendour. 

MISCELLANEOUS. 

Obituary  of  Persons  Eminent  in  Science :  1856. — Admiral  Beechey, 
R.N.,  a  distioguished  Arctic  navigator  and  geographer.  Henry  Bellvilley 
an  English  meteorologist.  A.  Binet.  an  eminent  French  mathematician, 
formerly  President  of  the  French  Academy.  Professor  Bojer,  a  well- 
known  French  botanist.  W.  M.  Buchanan,  editor  **  Glasgow  Practical 
Mechanics'  and  Engineers'  Journal."  Dr  Buckland,  the  well-known  Eng- 
lish geologist.  Alex.  Campbell,  a  distinguished  American  engineer.  Adrien 
Chenot,  a  celebrated  French  metallurgist.  M.  Coutourier,  a  young 
French  explorer  of  Central  Africa ;  died  on  the  Sahara.  Joseph  Drayton, 
the  well-known  artist  of  the  U.S.  exploring  exnedition,  and  a  natiualisi 
of  eminence.  M.  Duval,  a  French  botanist.  David  Dyson,  an  English 
naturalist.  Professor  von  Fuch,  the  well-known  German  physicist  and 
cbemisl  M.  Gerhardt,  the  eminent  chemist  of  Strasburg,  France.  M. 
Goujon,  a  French  astronomer.  Dr  W.  T.  Harris,  the  eminent  American 
entomologist.  Professor  Hents.  Dr  John  Lock  of  Ciucinnati.  M.  Loe- 
well,  a  German  chemist  of  repute.  Colonel  Madden,  President  Edin- 
burgh Botanical  Society.  C.  B.  Mansfield,  of  England,  well  known  fotr 
his  researches  in  connection  with  benzole.  Francis  Michaux,  editor 
North  American  ^*  Sylva."  Hugh  Miller,  the  eminent  Scottish  geologist 
and  author.  Francisco  Orioli,  Professor  of  Physical  Science,  UniversitT 
of  Bologna.  M.  Partsch,  of  Vienna,  naturalist.  Dr  W.  H.  Paris,  an  emi- 
nent English  chemist,  and  friend  of  Sir  Humphrey  Davy.  Dr  Paris  was 
the  author  of  the  well-known  work,  "  Philosophy  in  Sport,"  &c.  J.  G. 
Percival,  geologist,  &c.  M.  Constant  Prevost,  the  distinguished  French 
geologist  and  physicist.  John  Reeves,  an  English  horticultural  writer. 
Admiral  Sir  John  Ross,  the  Arctic  explorer.  M.  Schwilgue,  the  inventor 
of  the  marvellous  astronomical  clock  of  Strasburg.  Daniel  Sharp,  Presi- 
dent Royal  Geological  Society,  England.  George  Steers,  the  distinguished 
naval  architect.  Robert  L.  Stevens,  a  distinguished  American  mechanic 
Paul  StUlman,  a  distinguished  American  engineer.  M.  Sturm,  French 
mathematician.  William  Swainson,  the  well-known  English  naturalist. 
Zadock  Thompson  of  Vermont,  naturalist.  Dr  John  C.  Warren,  Boston, 
Massachusetts.  James  Wilson,  a  Scotch  naturalist.  William  Yarrell, 
naturalist.— (  FFe^Zs's  AnmuU.) 

Death  of  Br  Robert  Ball, — Sinoe  our  last  publication,  we  regret  to  have 
to  announce  the  death  of  Dr  Robert  Ball,  an  esteemed  naturalist,  whose 
name  was  recently  brought  under  notice  in  connection  with  the  arrange- 
ments for  the  next  meeting  of  the  British  Association.  Dr  Ball  was  bom 
in  1802.  He  succeeded  &e  late  Dr  Whitly  Stokes  as  director  of  the 
museum  in  Trinity  College,    On  the  establishment  of  the  Queen's  Uni- 
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Tersitj  in  Ireland  in  1851 »  he  entered  on  the  additional  duties  of  Secre- 
tary of  the  Joint  Committee  of  Lectures  in  connection  with  the  depart- 
ment of  Science  and  Art,  and  in  1855  he  was  nominated  Assistant  Exa- 
miner for  Ireland  to  the  Ciyil  Service  Committee.  While  holding  these 
several  appointments,  he  was  an  active  member  of  most,  if  not  of  all,  the 
scientific  societies  of  Dublin.  He  is  best  known  as  Secretary  of  the  Royal 
Zoological  Society  of  Ireland,  and  as  Treasurer  of  the  Royal  Irish  Aca- 
demy, an  office  next  in  corporate  rank  to  that  of  President.  In  1850  the 
University  of  Dublin  conferred  on  him  the  honorary  degree  of  LL.D. 
His  published  papers  are  scattered  through  the  pages  of  different 
periodicals.  Three  have  appeared  in  the  Transactions  or  Proceedings  of 
ike  Royal  Irish  Academy,  viz.,  '^  On  the  Species  of  Seals  (Phocidn)  in- 
habiting the  Irish  Seas/'  '*  On  the  Remains  of  Oxen  found  in  the  Bogs  of 
Ireland,"  and  '*  On  the  Cephalopoda  of  the  Irish  Seas."  That  he  was  at 
all  times  readv  to  impart  his  information  freely  to  others,  most  of  the 
zoological  works  published  in  these  kingdoms  during  the  last  few  years 
afford  ample  testimony. — (AtfiencBum,) 

Collectioni  Zoologiques  (Oiseaux  et  Mammifcres)  rapporties  par  S. 
A.  T.  le  Pbincb  Napoleon  Bonapabts. 

Les  jonmaux  de  1856  ont  entretenu  le  public  du  voyage  d'exploration 
entrepris  dans  le  cours  de  Tet^  pass^  par  le  Prince  Napoleon  vers  les 
regions  extremes  du  Nord  de  TEurope. 

Yous  ont  ^galement  parl^  de  Texposition  des  objets  rapport^s  par  son 
Altesse,  mais  Os  I'ont  fait  g^n^ralement  k  un  point  de  vue  trop  superfi- 
clel,  pour  qu'il  n^y  ait  pas  encore  k  revoir  apres  eux  le  mSme  si:get. 

Laissant  d'ailleurs  de  cot^  tout  ce  qui  n'est  point  du  domains  de  la  zoo- 
logie,  nous  passerons  encore  devant  la  partie  ethnologique  deTexp^dition, 
que  nous  n^avons  -pt  suffisamment  ^tudier  pour  nous  oocnper  uniquement 
des  collections  d'omithologie  et  de  mammalogie. 

Les  mammiferes,  en  petit  nombre  (ce  qu'H  faut  attribuer  tant  k  la  na- 
ture accidente^  et  difficultueuse  du  pays,  qu'au  caractere  du  voyage,  des- 
tine seulement  k  I'exploration  des  cdtes  se  composaient  de  quelques  peaux 
de  Felis  horealis  et  cervaria^  de  Phoca  groentandicaj  de  Cants  lagopus 
d*un  foetus  de  Balcena  et  d'un  super  be  Castor  fiber ,  tu^  en  Norw^ge,  une 
des  rares  r^eions  Europ^ennes  qui  recelent  encore  ce  curieux  animal.  H  y' 
avait  p^nurie  de  tons  les  petits  rongeurs  du  Xord. 

La  collection  omithologique  ^tait  de  beaucoup,  plus  importante  et  plus 
complete.  La  partie  oologique  s*y  trouvait  notamment  represented  d'une 
manidre  brillante. 

Yoici  la  liste  complete  des  espdces  recueillles  par  I'exp^dition,  nous  la 
restreignons  seulement  au  catalogue  des  peaux  d^oiseaux. 


Aquila  albicilla,  Gr. 
Falco  peregrlnuB,  6r, 

candicana,  6r. 

islandicus,  Isl. 
Strix  nyctea,  Gr. 
Cor  V  us  coraz,  Isl. 
Emberiza  calcarata,  Gr. 

nivalis,  Gr. 
Llnaria  groiiiilandica,  Gr. 

canescens,  Gr. 
Tyrannula  pnsilla,  Gr. 
LagDpos  Reinhardtii,  Gr. 
Cl»radrius  auratus  americanos,  Gr. 

pluvialis,  IsL 

hiaticola,  Gr. 
Strepsilas  ioterpres,  IbI. 


PbalaropuB  hyperboretis,  Gr. 
Tringa  maritima,  Gr. 
Numenios  malanorynchus,  Gr.  Isl. 
Gallinala  chloropus,  Isl. 
Sola  Bsssana,  Gr. 
Phalacroooraz  carbo,  Gr. 
Procellaria  glacialis,  Gr. 
Lestris  parasiticus,  Gr. 
Larus  leucopteriis,  Gr. 

marinas,  Gr. 

ebarneus,  Gr. 

tridactylus,  Isl. 
Sterna  arctics,  Isl. 
Anser  bernida,  Gr. 
CycQus  masieus,  Isl. 
Anas  acuta  americana,  Gr. 
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Qaerqaedulft  earoUiitiksls  t  Gr. 
Somateria  moUinimay  Gr.  III. 

ipectabilU,  Gr. 
Clangula  Barrowii,  Gr. 
Fuligula  hiitrionica,  Gr.  IiL 

glacialU,  Gr. 

marila  americana.  Til. 


Mergos  terrator,  Gr. 
Golymbus  glacialia,  Gr.  U. 
Uria  troil«,  Gr. 
grylle,  Gr. 
Mergttlus  alle,  Gr. 
Podicepa  arcticus,  Isl. 
Mormon  fratercola,  Or. 


Les  abr^yiations  Or.  Isl.  employees  it  la  taite  des  ci  destas,  signifient 
Gr.  Greenland  ;  IbL  IslandOf  suivant  les  locality  on  let  oiseauz  out  ^t^ 
captures. 

Comme  on  ne  manquera  pas  de  le  remaitjuer  la  plnpait  dea  esp^oes 
notees  ci  dessus  sent  pelasgiennes,  oela  tient  comme  nous  TaTons  expliqu^ 
plus  liaut,  au  caractere  eBsentiellement  maritime  de  rezp^ition  du 
Prince  Napoleon,  et  auz  ires  court es  relaches  4  terre  des  naturalistes  at- 
tach^s  k  oette  int^ressante  entreprise.  II  ne  faut  pas  oubller  non  plus  que 
ee  voyage  qui  n'a  dur^  que  quatre  mois  B*est  oper^  pour  aind  dire  4  toI 
d'oiseau. 

Presque  tons  les  types  de  la  collection  de  peaux  se  retrourent  dana  la 
collection  d^oeufs  ;  on  y  remarque  en  plus  un  grand  nombre  d*Ana$,  tons 
les  Sterna  et  Lestris  de  TEurope  septentrionaie,  des  Tringa,  Procellaria, 
eta  etc.,  mais  de  mSme  que  dans  la  collection  de  peaux ;  Toologie  est 
pauvre  aussi  en  Passereaux, 

Quoiqu'il  en  soit  de  la  pauvret^  relative  de  oertaines  families,  il  fant 
savoir  gr^  au  Prihce  NapoUon  d'avoir  attache  son  nom  it  rentreprise 
scientiiique  qui  a  donn^  ces  r^sultats,  ce  premier  voyage  &it  esperer  beau- 
ooup  dans  un  prochain  ayenir. 

£dm.  Faixmaieb. 

Paris,  Man  1857. 
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Mountain  Climatea  considered  in  a  Medical  Point  of  View 
— (continued).    By  Dr  H.  C.  Lombard.* 

If  we  proceed,  from  the  diseases  of  frequent  occurrence  in 
high  localities,  to  the  consideration  of  such  as  are  more  rarely 
observed  there  than  in  the  plain,  we  should  mention,  in  the 
first  place,  pulmonary  phthisis  and  other  tubercular  affections, 
which  are  almost  unknown  to  the  ancient  inhabitants  of  the 
soil,  the  Indians  ;  if  insulated  cases  of  them  are  met  with,  it 
is  the  Creoles  who  are  attacked. 

Rheumatism,  which  the  atmospheric  circumstances  might  be 
supposed  likely  to  develop,  is  extremely  rare  in  Puna  and  the 
southern  Sierra. 

To  these  particulars,  which  we  owe  to  the  observations  of 
Dr  Tschudi,  I  shall  add  some  facts  derived  from  other  sources. 
According  to  Dr  Weddel,  inflammatory  diseases  of  the  organs 
of  respiration  are  very  frequent  at  Paz,  the  capital  of  Bolivia, 
which  is  situate,  as  has  been  stated,  at  12,238  feet  above  the 
level  of  the  sea.  He  attributes  this  fact  to  the  dryness  of 
the  air,  and  the  low  temperature  which  prevails  during  the 

night,  t 

Humboldt  has  made  the  same  remark  in  regard  to  Mexico, 

*  From  the  BibUoth^que  UniTersene  de  Geneve. 

t  Weddel.     Voyage  dani  le  nord  de  la  Bolivie,  Svo,  ParU,  1853. 
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(7470*),  irhcre  catarrhal  affections  and  inflammations  of  the 
langs  are  very  frequent. 

The  last  fact  I  wish  to  state  regarding  Alpestrine  pathology, 
refers  to  the  Hospice  of  the  Great  St  Bernard  (8129).  The  Prior 
of  that  establishment  has  kindly  replied  in  the  following  terms 
to  the  questions  put  to  him,  at  my  request,  by  FrofesBor 
Plantamour : — *'  The  diseases  to  which  the  monks  are  liable  are 
inflammations  of  the  chest.  The  greater  number  of  them  become 
asthmatic  after  a  certain  number  of  years,  and  are  obliged  to 
go  down  again  to  the  plain.  Those  who  have  been  born  among 
the  mountains  can  reside  for  a  long  time  with  impunity  at  the 
convent." 

Dr  D'Espine,  who  acquired  his  knowledge  of  this  subject  by 
a  residence  at  the  Hospice  upwards  of  twenty  years  ago,  has 
confirmed  to  me  the  accuracy  of  these  observations.  They  may 
therefore  be  considered  as  expressing  faithfully  the  influence 
of  Alpestrine  climates  on  those  subjected  to  them  for  a  certain 
number  of  years. 

In  conclusion,  we  may  add  that  epidemic  or  contagious  dis- 
eases are  not  arrested  in  their  development  by  the  atmosphere 
of  the  lofty  regions  of  our  globe.  Smallpox,  scarlatina,  and 
other  eruptive  diseases,  are  unhappily  developed  with  as  much 
severity  as  in  the  neighbouring  plains.  In  Mexico  they  still 
preserve  the  recollection  of  an  epidemic  scarlet-fever,  which 
carried  off,  some  years  ago,  a  great  many  victims.  Lastly, 
with  regard  to  typhoid  fever ;  though  it  appears,  according  to 
Dr  Tschudi,  to  be  rare  among  the  Cordilleras,  it  is  unfortu- 
nately not  so  among  our  own  Alps,  where  it  prevails  at  all  ele- 
vations. As  a  proof  of  this  we  may  mention  the  epidemic  of 
1839,  which  attacked  a  third  part  of  the  St  Bernard  monks, 
and  caused  many  deaths  in  the  surrounding  valleys. 

I  might  now  conclude  the  series  of  facts  illustrative  of  the 
influence  of  the  climate  of  high  mountains  on  the  development 
of  diseases,  but  as  a  close  analogy  exists  between  the  pathology 
of  the  elevated  regions  of  the  globe,  and  of  those  situate  at  a 
moderate  height,  we  shall  proceed  to  consider  the  second  part 


*  The  figures  placed  within  brackets  after  a  name  indicate  the  height  in 
EogUiih  feet. 
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of  oar  suhjeety  before  drawing  from  it  any  definite  conclu- 
sions. 


§  2.   The  Physiological   and  Pathological  influence  of 
Alpine  and  Subalpine  Climates  {below  6560  feet)> 

The  preceding  facts  do  not  present  so  immediate  a  practical 
application  as  those  on  which  I  am  now  called  upon  to  speak. 
In  fact,  with  the  exception  of  the  Hospice  of  St  Bernard,  no 
permanent  place  of  abode  above  6560  feet  exists  in  Europe,  a 
circumstance  which  constitutes  a  striking  difference  between 
it  and  the  yarious  plateaux  of  Peru  and  Bolivia,  which  have 
made  us  acquainted  with  the  influence  of  heights  on  the  de- 
velopment of  diseases. 

We  have  to  consider  the  same  question,  then,  no  longer  in 
extreme  positions,  as  has  just  been  done,  but  in  circumstances 
of  ordinary  occurrence,  both  in  regard  to  permanent  residence, 
and  localities  sought  for  by  invalids. 

Although  the  number  of  villages,  hospices,  or  posting-stations 
met  with  in  Europe,  in  places  approaching  to  6560  feet  in 
height,  is  very  inconsiderable,  still  there  are  a  few,  such  as  the 
Hospices  of  the  Grimsel  (7231),  St  Gothard  (6808),  the  Simp- 
Ion  (6791)  ;  the  station  of  Mount  Cenis  (6253),  the  Yillagea 
of  Breuil  (6585)  at  the  foot  of  Mont  Cervin  ;  St  Venn  (6693) 
in  the  high  Alps  ;  and  Maurin  (6241)  in  the  low  Alps.  But 
none  of  these  localities  are  of  any  interest  in  a  medical  point 
of  view ;  the  case  is  different,  however,  with  two  establish-' 
ments  much  resorted  to  by  invalids,  and  which  approach  the 
foregoing  in  height,  I  mean  the  Righi  (5906),  and  St  Maurice 
(5860),  in  the  Orisons,  a  village  well  known  for  its  ferruginous 
springs. 

The  greater  part  of  the  high  inhabited  localities  in  the  Alps 
and  I^renees,  many  of  which  are  made  summer  residences 
for  a  medical  purpose,  range  between  3937  and  4921  feet  in 
height.  Lastly,  between  1640  and  3280  feet,  we  find  a  great 
number  of  villages  and  establishments  which  may  likewise  be 
considered,  though  in  a  less  degree,  as  presenting  all  the  cha- 
racters of  mountain  climates. 

In  tracing  the  modifications  produced  on  the  human  body 
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by  the  heights  in  question,  it  is  particularly  to  localities  about 
the  height  of  3280  feet  that  I  wish  my  observations  to  apply, 
without  neglecting,  however,  the  information  furnished  by  vil- 
lages situate  at  a  higher  or  lower  level.       , 

As  we  have  already  seen,  the  effects  produced  by  a  sojoimi 
among  mountains  are  either  modifications  produced  in  our 
different  functions,  and  which  ought,  therefore,  to  be  con- 
sidered as  purely  physiological,  or  else  they  contribute  to  the 
development  of  diseases,  and  thus  fall  within  the  province 
of  pathology.  If  we  followed  the  order  adopted  in  the  pre- 
ceding chapter,  we  should  commence  with  the  physiological 
influences ;  but  as  this  is  connected  very  intimately  with  the 
treatment  of  these  diseases,  it  appears  to  me  more  natural  to 
begin  with  the  pathological  influence ;  the  more  so,  as  the 
view  of  the  most  prevalent  diseases  among  the  inhabitants 
of  alpine  and  subalpine  climes,  will  very  naturally  complete 
the  observations  which  have  been  made  in  the  higher  regions 
of  our  globe. 

1.  Pathological  Influence  of  Alpine  and  Subalpine  CUr 
mates. — In  1833,  Dr  Isensee  expressed  himself  to  the  follow- 
ing effect : — "  Morbi  peculiares  montium  incolas,  quantum 
tenemus,  non  afficiunt.  Nee  ullum  de  hac  re  libellum  evolvere 
nobis  quidem  contigit."*  This  last  remark  is  still  as  true  as 
it  was  twenty-three  years  ago,  for  to  my  knowledge  no  parti- 
cular work  exists  on  alpestrine  pathology,  so  that  I  could  gain 
some  precise  notion  of  it  only  by  referring  to  various  isolated 
works  on  the  diseases  of  certain  mountainous  regions,  and 
availing  myself  of  the  kindness  of  such  of  my  colleagues  as  were 
in  circumstances  to  furnish  me  with  valuable  information  on 
this  subject,  t  If  we  can  say  with  Dr  Isensee,  that  there  is  no 
malady  peculiar  to  the  inhabitants  of  mountains,  it  is  not  less 
certain  that  various  morbid  affections  are  more  frequently  met 
with  in  such  situations,  while  others  more  habitually  fall  to 
the  lot  of  the  inhabitants  of  the  plain. 

*  filemeiita  Ko78b  Geographia  et  Statistices  Medicinalis,  Sto,  BeroUniy  p. 
53. 

t  Dr  Archibald  Smith  from  Peru  las  written  on  the  subject  of  the  Diseases 
of  the  Andes  in  the  "  Edinburgh  Medical  and  Surgical  Journal,"  1840-^. 
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Inflammatory  fever,  without  any  precise  localization,  such 
as  we  haye  described  it,  after  Dr  Tschudi,  is  not  altogether 
unknown  in  other  mountainous  countries.  We  find  it,  in  fact, 
pretty  frequently  in  certain  parts  of  our  Alps,  as,  for  example, 
at  Brian^on  (4265),  the  most  elevated  town  in  Europe.  Dr 
Albert  writes  to  me  regarding  it  as  follows  : — "  Inflammatory 
feyer,  without  localization,  and  terminating  in  sweatings,  load- 
ed urine,  and  a  slight  eruption  on  the  lips,  is  exceedingly  com- 
mon ;  there  is  scarcely  any  one  who  has  not  had  it  oftener 
than  once  in  his  life."  The  frequency  of  inflammatory  diseases 
is  very  great  at  Chamounix  (3450),  according  to  Dr  Michon, 
who  estimates  them  at  more  than  the  half  of  all  those  to  which 
the  inhabitants  of  this  valley  are  subject. 

A  second  point  in  alpestrine  pathology,  not  less  important, 
is  the  frequency  of  hcemorrhages,  which  show  themselves,  as 
might  be  anticipated,  with  less  intensity  and  frequency  than 
in  the  high  valleys  of  Peru  and  Bolivia,  but  nevertheless  much 
oftener  in  the  alpine  and  subalpine  regions  than  in  the  adjoin- 
ing plains.  * 

Among  the  haemorrhages  most  frequently  met  with  in  the 
inhabitants  of  mountains,  are  hsemoptyses.  They  have  been 
mentioned  by  Drs  Cullen  and  Hansford  as  occurring  in  Scot- 
land and  England,  as  well  as  by  Dr  Flechner  in  reference  to 
Styria. 

In  the  valleys  of  Neufch&tel,  which  are  about  3280  feet 
in  height,  the  Genevese  workmen  are  frequently  seized  with 
this  disease,  and  it  is  also  equally  observed  among  the  other 
classes  of  inhabitants.  We  find,  indeed,  by  a  note  published 
by  Dr  de  Pury,  on  the  exemptions  from  military  service 
in  the  Canton  of  Neufchatel  for  1849,  that  five  or  six  times 
more  persons  were  exempted,  on  account  of  haemoptysis,  in  the 
mountainous  parts  of  the  valleys,  than  in  the  districts  of 
Boudry  and  Neufch&tel,  which  are  situate  on  the  shores  of  th^ 
lake. 

With  regard  to  other  kinds  of  hsemorrhages,  some  of  them 
appear  to  be  rarer  among  the  mountains  than  in  the  plains  ; 
such  is  the  case  with  uterine  bleedings,  whether  considered 
after  childbirth  or  in  any  other  circumstances.    Dr  Michon 
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has  met  with  only  five  cases  of  uterine  hsemorrliage  during  the 
fourteen  years  of  his  practice  at  Chamounix.  Of  this  numher, 
three  were  owing  to  the  insertion  of  the  placenta  in  the  neck 
of  the  uterus,  and  two  were  in  consequence  of  the  critical  age. 
Is  not  this  an  evident  confirmation  of  what  has  been  sud 
before  1 

But  it  does  not  appear  to  me  that  there  is  any  contradiction 
between  the  frequency  of  haemorrhages  in  general,  especially 
such  as  may  be  called  active,  and  the  rarity  of  uterine  bleed- 
ings in  mountainous  countries,  since  the  greater  part  of  the 
latter  may  be  considered  as  caused  or  promoted  by  a  state  of 
weakness ;  on  the  contrary,  if  this  remark  be  generalized,  we 
may  conclude,  from  what  has  previously  been  said,  that  active 
hemorrhages  are  favoured  by  the  tonic  action  of  mountain  air, 
while  the  same  influence  will  act  in  an  inverse  manner  in  the 
case  of  passive  haemorrhages. 

Diseases  of  the  nervous  centres  are  rather  rare  in  moun- 
tainous countries.  This  conclusion  results  from  the  observa- 
tions of  Dr  Albert  in  the  neighbourhood  of  Brian9on9  snd 
of  Professor  Lebert  in  the  valley  of  the  Rhone.  Both  of 
them  have  specified  to  me  epilepsy,  apoplexy,  and  simple  or 
tuberculous  meningitiPt  as  being  rarely  met  with  in  the  moun- 
tainous countries  just  named.  This  establishes  a  consider- 
able difference  between  the  facts  described  by  Dr  Tschudi 
and  those  of  which  we  are  now  speaking.  Indeed,  I  have 
been  unable  to  find  in  Europe  any  observation  of  cases  at 
all  approaching  to  those  terrible  cerebral  inflammations  whicb 
carry  off  such  numbers  in  the  high  valleys  of  Peru  and  Bo- 
livia. 

With  regard  to  diseases  of  the  respiratory  organs,  we  have 
mentioned  the  frequency  of  bronchitis,  pleurisies,  and  pn®^ 
monias,  as  well  as  the  rarity  of  phthisis  pulmonalis  in  the 
countries  just  named.  Let  us  now  consider  the  effect  of  alpiB^ 
and  subalpine  climates  in  this  point  of  view. 

And,  on  entering  upon  the  subject,  we  may  mention  the 
opinion  which  has  prevailed  from  ancient  times,  and  which 
we  find  again  brought  forward  in  all  works  on  hygiene  and 
pathology»  as  to  the  frequency  of  inflammatory  diseases  of  the 
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lungs  in  dry  and  elevated  sittiations.  Bat  we  prefer  direct 
observation  to  an  opinion  which  may  be  merely  traditionary, 
and  have  no  foundation  in  fact.  The  following  is  the  result 
of  my  investigations  on  this  subject. 

The  first  observation  I  shall  make  on  the  frequency  of  pul- 
monary inflammations  is,  that  it  increases  with  the  elevation. 
This  remark  had  been  made  in  Germany  by  Dr  Fuchs ;  and  I  am 
able  to  confirm  it  by  the  facts  observed  in  the  Alps  of  Dauphiny 
and  Savoy. 

On  comparing  the  deaths  caused  by  pulmonary  inflamma* 
tions  in  three  different  localities  in  Thuringia,  Dr  Fuchs  has 
found  the  following  proportions;-— in  the  most  elevated,  at  2772 
feet,  a  mortality  of  sixty-aeven  per  cent ;  in  a  medium  height, 
of  1919  feet,  sixty-two  per  cent ;  and  lastly,  in  the  lowest 
locality,  at  1598  feet,  the  mortality  from  pulmonary  inflamma- 
tion did  not  exceed  fifty-two  per  cent.* 

Similar  observations  have  been  made  by  the  same  author 
among  the  Harz  mountains,  and  in  some  of  the  cantons  of 
Switzerland,  such  as  those  of  Uri  and  the  Grisons.  The  three 
most  elevated  localities  respecting  which  I  possess  documents, 
are  Mont  Cenis  (6253),  the  Grande-Chartreuse  (4613),  the  town 
of  Brianfon  (4285),  and  Chamounix  (3451). 

The  French  soldiers  who  sojourned  on  Mont  Cenis  in  1796, 
from  the  15th  December  to  the  15th  of  May,  were  affected  in 
great  numbers  with  pneumonia,  which  formed  the  fourth  part 
of  the  diseases  observed  at  that  period,  f 

According  to  the  manuscript  observations  communicated  by 
Professor  Bertrand  of  Grenoble,  it  appears  that  the  monks  of 
the  Grande-Chartreuse  (4613),  in  the  department  of  the  Is^re, 
are  frequently  attacked  with  pulmonary  inflammations,  par- 
ticularly such  of  them  as  are  called  upon  to  engage  in  active 
duties.  The  new  arrivals  are  affected  with  catarrh  and  mo- 
mentary loss  of  voice. 

Dr  Albert,  who  has  practised  medicine  for  seventeen  years 
at  Brianf  on  (4285),  and  in  the  villages  oji  the  neighbouring 

*  Mediziniche  Geographie.     Berlin,  1853. 

t  Griselle,  Traits  de  la  Pneumonie,  8to.     Paris,  1846,  p.  135. 
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heights,  writes  to  me  that  the  diseases  which  he  is  usoally  calle<]( 
upon  to  treat  are  inflammations,  and  that  the  most  freqaent 
diseases  of  that  nature  are  those  of  the  air-passages,  particu* 
larly  bronchitis  and  pneumonia ;  it  is  to  the  latter  that  the 
greater  number  of  the  deaths  of  adult  men  are  owing.  Dr 
Michon,  who  has  resided  fourteen  years  in  the  valley  of  Cha- 
mounix  (3451),  informs  me  that  cases  of  pneumonia  form  the 
fifth  part  of  the  diseases  of  the  inhabitants  of  these  regions* 

At  less  considerable  heights  we  still  find  a  great  number 
of  inflammatory  diseases  of  the  lungs.  This  has  been  obseryed 
by  Dr  Grifoulidre  in  reference  to  the  mountains  of  Auvergne ; 
he  has  pointed  out  the  much  greater  frequency  of  aflTectlons 
of  this  nature  in  the  elevated  localities  of  Auvergne  when  com- 
pared with  adjacent  plains.*  Similar  observations  have  been 
made  by  Dr  Koch  in  Wurtemberg,t  and  by  Dr  Flechner  in 
Styria.  % 

Professor  Savoyen  of  Moutiers  writes  me,  that  peripneu- 
monias  occupy  the  first  rank  among  the  diseases  which  attack 
the  inhabitants  of  the  Tarentaise  Mountains. 

Observations  of  a  like  nature  have  been  communicated  to 
me  by  many  medical  men  who  practise  in  the  mountainous 
districts  of  the  Jura,  Savoy,  and  the  valleys  of  Neufchatel, 
where  our  countrymen,  as  well  as  other  classes  of  inhabitants, 
are  frequently  seized  with  bronchitis  or  catarrhal  afiections. 

Pulmonary  inflammations  sometimes  develop  themselves  in 
an  epidemic  manner  in  the  elevated  parts  of  Switzerland,  and 
commit  great  ravages  among  the  inhabitants  of  the  smaller 
cantons.  This  disease,  which  is  known  by  the  name  of 
Alpenstich,  was  first  described  by  Conrad  Gesner  in  1564, 
when  it  carried  ofl*  a  great  number  of  the  inhabitants.  Since 
that  time  it  has  often  ravaged  Switzerland,  and  has  been 
observed  in  recent  times  (1833)  by  Professor  Schonlein,  in  the 
valley  of  Urseren,  and  in  1829,  in  the  valley  of  Entremont,  by 
Professor  Lebert.    According  to  these  observers,  the  Alpen- 

*  Gaxette  Medicale  de  Paris,  1833.  p.  473. 
t  Monatechrift  Air  Medizin,  Vcn  Ammon.     Leipzig,  1836. 
X  AUgemeineB   Kepertoriam    d«r   Medizin iBchen  Jahrbucher;   NoYember, 
1841,  p.  162. 
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^tich  is  sometimes  a  pleurisy,  at  other  times  a  pleuro-pneu- 
monia,  accompanied  with  typhoid  symptoms,  running  its  course 
very  rapidly,  and  attended  with  great  danger.  It  may  be  com- 
pared to  the  pluro-pneumonia  of  Peru,  of  which  we  have  given 
an  account  from  Dr  Tschudi. 

Pulmonary  catarrh  appears  likewise  to  be  more  frequent  in 
high  grounds  than  in  the  plains ;  such,  at  least,  is  the  opi- 
nion of  most  of  the  authors  and  practitioners  I  have  had  it  in 
my  power  to  consult  on  the  subject.  But  this  is  not  the  case 
with  influenza  or  epidemic  pulmonary  catarrh,  which,  accord- 
ing to  the  observations  of  Professor  Lebert,  appeared  not  to 
visit  the  mountainous  regions  of  Bex  and  St  Maurice  when 
he  practised  in  that  neighbourhood.  If  this  exemption  from 
influenza  should  be  verified,  we  may  find  the  caude  of  it  in  the 
coolness  and  dryness  of  the  air,  qualities  unfavourable  to  the 
development  of  epidemic  pulmonary  catarrh.  I  remember, 
indeed,  that  when  this  disorder  appeared  at  Geneva  with  un- 
usual  severity,  in  the  winter  of  1834,  there  was  not  a  single 
family  without  one  or  more  invalids,  and  their  number  in- 
creased every  day  as  long  as  the  south  wind  continued,  and 
the  torrents  of  rain  which  accompanied  it.  But  when  the 
north  wind  began  to  blow,  and  a  dry  cold  succeeded  the  hu- 
midity, the  number  of  the  sick  diminished  so  rapidly,  that  in 
a  few  days  the  epidemic  was  almost  completely  arrested  by 
this  atmospheric  change. 

Among  the  documents  which  I  have  collected  on  the  subject 
before  us,  there  are  two  which  I  wish  to  mention,  as  being  in 
some  respects  contradictory  of  those  I  have  quoted.  The  first 
contains  the  facts  observed  in  1837  and  1839,  in  the  canton 
of  Zurich,  by  Dr  Locher-Balber,  from  which  it  appears  that 
pneumonias  and  pulmonary  catarrhs  were  twice  more  frequent 
in  the  plain  than  in  mountainous  districts.  Have  similar 
observations  been  made  at  other  periods  1  This  we  are  unable 
to  say,  for  we  have  nothing  either  to  confirm  or  refute  the 
statement  of  the  Zurich  doctor.* 

The  second  document  I  wish  to  refer  to,  was  communicated 

*  Schweixeriscbe  Zeitschrift  fur  Natur  und  UeUkunde,  1841. 
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to  me  by  Professor  Lebert,  irho  has  observed,  daring  a  resi* 
denoe  in  the  neighboarhood  of  Bex  (Vaud)  and  St  Maurioe 
(Valais),  that  pulmonary  catarrhs  were  much  less  frequent 
in  the  mountain  villages  than  in  the  plain ;  with  regard  to 
pleurisies,  the  case  was  rather  the  reverse;  and  lastly,  he 
found  no  difference  between  these  different  localities  in  refer- 
ence to  pneumonia. 

I  have  no  wish  to  disguise  the  importance  of  these  two  series 
of  observations ;  but  if  we  remark,  on  the  one  hand,  that  Pro- 
fessor Lebert  found  no  predominance  of  pneumonia  in  the 
plains  over  the  mountains,  and,  on  the  other  hand,  that  pleu- 
risy has  occurred  to  him  most  frequently  on  heights,  we  will 
perceive  that  the  affirmations  of  the  Zurich  professor  are  not 
very  precise ;  and  if  we  add  to  this  the  remark  that,  with  the 
exception  of  the  two  authors  named,  all  others  are  unanimous 
as  to  the  much  greater  frequency  of  pulmonary  inflammations 
bronchitis,  pneumonias,  and  pleurisies,  in  mountainous  coun- 
tries ;  we  shall  be  led  to  consider  the  last  opinion  as  best 
founded,  since  it  rests  on  facts  observed  in  very  different 
localities,  such  as  the  Alps  of  Piedmont,  Savoy,  Danphinr, 
and  Switzerland,  as  well  as  the  heights  of  the  Jura,  Auvergne, 
Wurtemberg,  the  Harz,  Thuringia,  and  Styria. 

Is  phthisis  pulmonalis  rare  or  frequent  among  the  inhabit- 
ants of  mountains  t  Such  is  the  question  we  are  now  called 
on  to  answer,  and  to  which  I  wish  for  a  short  time  to  draw  the 
attention  of  my  readers. 

Dr  Fuchs  has  published,  in  his  Medical  Geography,  a  series 
of  statistical  tables,  by  which  he  is  led  to  affirm,  that  **  phthisis 
pulmonalis  becomes  rarer  as  the  country  becomes  more  ele- 
vated."* Let  us  inquire  whether  the  documents  I  have  col- 
lected on  this  subject  confirm  the  assertion  of  the  doctor  of 
Botterode. 

It  has  been  stated  above,  that,  in  the  elevated  regions  of 
Peru  and  Bolivia,  phthisis  was  almost  entirely  unknown,  and 
that  the  few  who  fell  victims  to  it  were  Creoles,  the  descendants 
of  Europeans,  who  may  have  carried  along  with  them   the 

*  Op.  Cit,  p.  35. 
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germs  of  a  disease  which  never  attacks  the  IndianSi  the  an-* 
cient  inhabitants  of  the  country. 

With  regard  to  Europe,  I  have  found  no  mention  of  phthisis 
pulmonalis  among  the  diseases  which  afflict  the  inhabitants 
of  the  most  elevated  of  our  Alps,  such  as  St  Bernard  or  the 
Grande^Chartreuse.  In  reference  to  Brianfon,  Dr  Albert 
writes  me,  that  circumstances  of  wretchedness  or  excess,  alto- 
gether exceptional,  are  necessary  to  develop  any  one  of  the 
tubercular  disorders  which  are  so  common  in  the  lower  valleys 
of  the  Alps. 

Observations  to  the  same  effect  have  been  made  at  Cha- 
mounix  by  Dr  Michon ;  among  the  Tarantaise  Mountains,  by 
Dr  Savoyen  ;  among  those  of  Styria,  by  Dr  Flechner ;  and  of 
the  valley  of  the  Rhone,  by  Professor  Lebert.  These  practi- 
tioners agree  in  declaring  that  phthisis  pulmonalis  is  more 
frequent  in  low  and  flat  countries  than  on  the  surrounding 
high  grounds.  One  of  them,  Dr  Flechner,  refers  on  this  occa« 
sion  to  the  popular  opinion  as  to  the  antagonism  supposed  .to 
exist  between  goitre  and  tubercle ;  so  that  where  the  one  is 
frequent  the  other  rarely  occurs.  Not  being  at  present  in  a 
condition  to  decide  on  this  theory  of  exclusion,  I  content  my- 
self with  stating  the  fact,  that  in  a  great  number  of  lofty 
localities  phthisis  pulmonalis  is  either  unknown  or  excessively 
rare,  which  confirms  the  opinion  of  Dr  Fuchs  as  to  the  freedom 
of  heights  from  the  malady  in  question.  But  if  the  preceding 
facts  favour  this  conclusion,  there  are  others,  which  must  not 
be  passed  over  in  silence,  which  are  altogether  opposed  to  it. 

In  1818,  Dr  Mansford  published  a  work  with  the  intention 
of  showing  that  in  England  cases  of  phthisis  were  more 
numerous  in  proportion  as  the  residence  of  the  inhabitants 
was  elevated  above  the  level  of  the  sea  ;*  a  proposition  dia* 
metrically  opposed  to  that  of  Dr  Fuchs,  and  yet  supported  by 
statistical  authorities  which  appear  to  me  not  a  little  con- 
clusive. 

On  the  other  hand,  we  find  in  the  Memoir  of  Dr  Locher* 
Balber,  already  mentioned,  a  positive  confirmation  of  Dr 

*  An  Inquiry  into  tlie  Influence  of  Situation  on  Pulmonarj  Consumption. 
8vo.    London,  1818. 
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Mansford's  observations,  in  the  faet  that  tubercular  disease? 
were  found,  in  1837  and  1839,  doubly  frequent  in  the  moun- 
tainous districts  of  the  canton  of  Zurich,  compared  with  what 
they  were  on  the  banks  of  the  lake. 

On  adding  a  few  unpublished  documents  to  the  preceding, 
we  find  in  them  the  confirmation  of  the  opinion  which  has  just 
been  expressed.  In  fact,  nothing  equals  the  frequency  of 
phthisis  pulmonalis  in  the  greater  part  of  the  Alpestrine  valleys 
of  our  neighbourhood.  Whether  we  traverse  the  Jura,  ascend 
the  course  of  the  Arve,  or  repair  to  the  mountains  of  Bomes 
and  the  environs  of  the  lake  of  Annecy,  we  encounter,  in  all 
of  these  localities,  a  very  considerable  number  of  phthisical 
cases.  The  majority  of  the  patients  who  came  to  consult  me, 
or  whom  I  have 'visited  in  the  regions  in  question,  were  tuber- 
culous. Astonished  at  the  prevalence  of  this  species  of  malady, 
I  have  questioned  both  medical  men  and  the  inhabitants,  and 
I  have  invariably  come  to  the  same  conclusion.  Sometimes 
it  was  a  patient  dying  of  consumption,  and  of  whom  it  was 
told  me  that,  although  still  young,  he  was  the  only  snrviTor 
of  his  family  or  contemporaries ;  sometimes  it  was  a  young 
man,  robust  to  appearance,  and  in  whom,  notwithstanding,  the 
malady  had  commenced  to  which  seven  or  eight  brothers  had 
already  fallen  victims.  Such  facts  came  under  my  notice  on 
numerous  occasions,  during  the  course  of  a  practice  which  now 
extends  over  more  than  a  quarter  of  a  century. 

Thus,  then,  we  cannot  hesitate  to  admit  that  phthisis  pul- 
monalis is  met  with  very  frequently  in  certain  mountainous 
regions.  But  how  can  this  conclusion  agree  with  those  of  Dr 
Fuchs  ?  It  does  not,  however,  appear  to  me  impossible.  In 
truth,  the  majority  of  the  facts  which  prove  the  rarity  of  dis- 
eases of  the  lungs  on  high  situations  have  been  observed  in 
the  very  elevated  regions  of  Peru,  Bolivia,  and  the  high  Alps, 
while  almost  all  the  other  observations  refer,  it  is  true,  to 
mountainous  localities,  but  situated  at  very  inconsiderable 
heights — such  as  the  English  towns  mentioned  by  Dr  Mans- 
ford,  the  hills  and  mountains  surrounding  the  lake  of  Zurich, 
and  lastly,  most  of  the  valleys  of  the  Jura,  Samoens,  Sixt, 
and  the  Bomes. 
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We  are  now,  therefore,  iu  a  condition  to  conclude,  with  a 
considerable  degree  of  certainty,  that  if  the  low  valleys  or 
medium  regions  of  our  Alps  present  a  great  number  of  phthi- 
sical cases,  this  disease  becomes  rarer  and  rarer  as  we  ascend, 
in  so  much  that,  at  a  height  above  3280  feet  we  meet  only 
with  a  few  isolated  cases,  and  at  4920  feet  pulmonary  phthisis 
entirely  disappears.  This  phthisical  zone,  above  and  below 
which  this  disorder  disappears,  may  be  approximately  fixed  at 
between  1640  and  3280  feet. 

We  shall  afterwards  see  that  tubercular  diseases  are  not 
the  only  ones  which  develop  themselves  within  certain  limits 
of  height ;  scrofula,  goitre,  and  cretinism,  are  likewise  very 
general  in  the  lower  valleys  and  the  mountainous  regions  of 
our  Alps,  but  beyond  a  certain  height  these  three  diseases 
entirely  disappear.  In  consequence  of  this  we  are  constrained 
to  admit  that  certain  anti-hygienic  conditions,  to  which  we 
shall  have  occasion  again  to  revert,  perform  a  more  important 
part  than  the  atmosphere  of  mountains  in  the  development  of 
tubercular  diseases,  as  well  as  of  the  other  morbid  affections 
we  have  enumerated. 

While  phthisis  disappears  at  a  certain  height,  we  find  on 
the  contrary,  that  asthma  increases,  both  in  frequency  and 
severity,  as  we  ascend  above  the  level  of  the  sea ;  a  circum- 
stance which  has  procured  for  this  disorder  the  name  of 
asthma  montanum.  We  have  already  seen  how  much  the 
respiration  is  injured  in  the  high  regions  of  the  globe,  and  how 
a  permanent  residence  at  St  Bernard  infallibly  induces  a  dis- 
eased condition  of  it.  Similar  remarks  have  been  made  in 
reference  to  less  considerable  heights,  such  as  Chamounix, 
the  Grande-Chartreuse,  and  the  mountains  of  Styria,  by  Dr 
riechner;*  those  of  the  Harz,  by  Dr  Brokman;t  of  Thur- 
ingia,  by  Dr  Fuchs,  J  and  the  environs  of  Zurich,  by  Dr 
Locher-Balber.  §  Lastly,  by  examining  the  statistical  tables 
published  by  order  of  the  Sardinian  Government,  we  ascertain 
that  the  number  of  asthmatic  patients  exempted  from  military 
service,  is  much  more  considerable  in  the  mountainous  regions 

*  Op.  Cit. 

t  Die  MetaUurgiachen  Krankbeiten  des  Ober-Harzes,  8vo.    Osterode,  1862. 

t  Op,  Cit.  §  Op.  Cit. 
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than  in  the  plains  of  Piedmont.*  The  same  predomiDance 
of  asthma  has  been  noticed  in  the  mountains  of  NenfcMtel, 
compared  with  the  districts  on  a  leyel  with  the  lake,  as  regards 
exemption  from  military  service.t  We  are  thus/nlly  author- 
ized to  consider  pulmonary  emphysema,  along  with  its  ordi- 
nary consequences  of  asthma,  chronic  bronchitis,  and  liabilitj 
to  be  affected  by  atmospheric  changes,  as  a  natural  coBS^ 
quence  of  residence  on  heights,  and  as  manifesting  them- 
selves with  greater  intensity  as  the  level  is  elevated  abore 
the  sea. 

Cases  of  chronic  bronchitis  are  more  frequent  in  moun- 
tainous countries  than  in  the  adjacent  plains,  as  we  are  en- 
titled to  affirm  from  the  observations  of  Professor  Lebert  in 
the  Valley  of  the  Rhone,  of  Professor  Bertrand  among  the 
Alps  of  IHiuphiny,  and  of  Br  Brockman  in  the  chain  of  i^^ 
Harai. 

Organic  diseases  of  the  heart  are  likewise  met  with  more 
frequently  in  the  same  circumstances,  as  has  been  obserred 
by  Dr  Flechner  in  Styria,  and  Dr  Brockman  among  the  in- 
habitants of  the  Harz.  The  same  result  may  be  deduced  from 
observations  collected  in  the  canton  of  Neufch&tel,  where 
nearly  twice  the  number  of  exemptions  from  military  service 
are  occasioned  by  hypertrophy  of  the  heart  in  the  mountainous 
regions  than  in  the  districts  bordering  on  the  lake. 

The  preceding  facts,  therefore,  cause  us  to  regard  monntam 
climates  as  favourable  to  the  development  of  diseases  of  the 
heart,  not  only  on  account  of  the  acceleration  of  the  circn- 
lation,  under  the  influence  of  continual  walking  up  steep 
ascents,  but  also  in  consequence  of  the  rarefied  atmosphere, 
which  must  tend  to  disturb  the  central  organ  of  circulatioii 
more  or  less  seriously. 

The  influence  of  diminished  atmospheric  pressure  mij^^ 
lead  us  to  suppose  that  varices  would  be  more  frequent  among 
mountains  than  in  the  plain.  But  observation  does  not  eoff' 
firm  this  supposition.  It  follows,  in  fact,  from  the  investigft- 
tiona  of  Dr  de  la  Harpe,  of  Lausanne,^  that  varices  are  mnch 

*  Rendiconts.  f  Manuscript  already  quoted. 

I  Quelques  moU  sur  1m  cauMs  probablw  detTarioM  cfaea  rboniiBe.   2aricb* 
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ritrer  in  the  xnotintainous  districts  than  in  the  lower  regions 
of  the  Canton  de  Yaud.  It  even  appears,  that,  for  a  period 
of  fourteen  years,  there  has  not  been  a  single  exemption  from 
military  service  on  account  of  varices  among  the  inhabitants 
of  the  Lake  of  Joux,  which  is  situate  between  3280  and  4265 
feet  above  the  sea  level. 

Diseases  of  the  digestive  organs  are  rather  rare  among  the 
inhabitants  of  mountains.  The  only  kinds  met  with,  in  any  de- 
gree of  frequency,  are  diarrhoeas  and  dysenteries  in  the  autumn ; 
still  they  are  not  so  severe  as  in  the  plains.  It  is  particularly 
in  the  torrid  zone  that  we  observe  this  favourable  influence  of 
mountain  air  in  preventing  or  curing  dysentery  and  other  dis- 
orders of  the  digestive  canal,  which  are  the  cause  of  so  many 
deaths  in  plains  and  on  the  sea  coasts.  Mountainous  regions 
are  not,  however,  entirely  exempt  from  disorders  of  this  na- 
ture ;  for  dysentery  has  been  observed  at  a  height  of  6560 
feet  under  the  tropics,  and  at  2296  feet  among  the  mountains 
of  Switzerland.  About  half  a  century  ago,  it  appeared  in  an 
epidemic  form  in  Thuringia,  at  a  height  of  1312  or  1640  feet ; 
but  it  has  not  since  revisited  these  regions. 

In  short,  it  may  be  said  that  morbid  affections  of  the  di- 
gestion are  infinitely  rarer,  and  much  less  severe,  on  high 
grounds  than  in  the  plains.  The  same  remark  applies  to  or- 
ganic diseases  of  the  liver  and  stomach. 

The  functions  of  the  uterus  are  frequently  modified  under 
the  influence  of  mountain  climates.  Chlorosis  is  frequently 
met  with,  as  well  as  leucorrhoea  and  various  irregularities  of 
menstruation.  But,  as  has  been  already  stated,  uterine  h»- 
morrhages  are  rare»  either  after  childbirth^  or  in  any  other 
circumstances. 

Although  intermittent  fever  is  rather  a  disease  of  low,  damp, 
and  marshy  countries,  still  high  situations  are  not  entirely  a 
protection  against  it.  According  to  Dr  Fuchs,  it  is  observed 
in  Mexico  up  to  a  height  of  6560  feet**  And  among  our 
own  Alps  it  is  not  a  rare  thing  to  observe  it  at  an  almost 
equal  elevation.  Professor  Lebert  has  bad  the  charge  of  cases 
at  6223  feet  at  the  Chalets  of  Anzeindaz  (Yaud),  and  at 
4052  feet  in  the  Hamlet  of  Fosses  (Yaud),  although  there 

*  Op.  cit.,  p.  64. 


208  Dr  Lombard  en  Mountain  CUmates 

were  no  marshes  in  the  neighbourhood  to  aceonnt  for  its  ajn 
pearance. 

Setting  aside  extreme  cases,  and  keeping  in  mind  the  ob- 
servations made  in  different  latitudes,  it  may  be  affirmed  tbst 
"  The  frequency  and  severity  of  intermittent  fever  decpttse 
with  the  height."  It  thus  appears  that  the  practice  almost 
universal  in  marshy  countries,  of  leaving  the  plain  and  re- 
pairing to  the  mountains,  in  order  to  escape  from,  or  to  cmti 
intermittent  fever,  is  founded  on  a  correct  observation  of  facts. 

It  may  be  added,  however,  that,  in  some  cases,  marsh  miasm 
may  be  conveyed  by  the  fogs  which  rise  from  marshy  plains 
to  the  neighbouring  heights,  so  that  we  may  partly  ascribe  the 
fevers  observed  among  mountains  to  the  marshes  situated  &t 
their  foot.  If  this  last  supposition  be  correct,  we  may  be  jus- 
tified by  it  in  considering  mountainous  countries  as  almost 
completely  exempt  from  intermittent  fevers,  save  in  the  few 
exceptional  cases  which  have  just  been  mentioned. 

We  have  seen  that,  notwithstanding  the  existence  of  atmo- 
spheric conditions,  which  seem  calculated  to  faTOur  the  dere- 
lopment  of  rheumatic  diseases^  this  class  of  maladies  is  almost 
wholly  unknown  in  the  high  mountains  of  Peru  and  Bohna* 
This  is,  unfortunately,  not  the  case  in  Europe  ;  in  fact,  to 
whatever  height  we  ascend,  we  encounter  the  various  forms  of 
this  complaint.  Whether  we  select  as  our  field  of  observa- 
tion the  vicinity  of  Brianf  on,  above  6265  feet,  or  the  heigbts 
adjoining  Diablerets  and  the  Dent  du  Midi,  or  traverse  the 
mountains  of  Styria  or  the  Harz,  we  shall  everywhere  find 
muscular,  neuralgic,  or  articular  rheumatisms.  And  with  re- 
gard to  the  greater  or  less  frequency  of  these  various  forms  of 
the  disease,  different  observers  are  unanimous  in  declanBg 
that  lumbago,  torticollis,  and  sciatica,  are  much  more  general 
among  mountaineers  than  among  the  inhabitants  of  plaioSr 
while  the  opposite  is  the  case  with  articular  rheumatism) 
whether  acute  or  chronic.  In  confirmation  of  this  last  opini^'^' 
I  may  select  a  single  example  from  many  of  the  same  kind. 
The  exemptions  from  military  service  on  account  of  rheoms- 
tism,  have  been  six  times  more  numerous  in  the  districts  ad- 
joining the  Lake  of  Neufch&tel  than  in  the  mountainous  qQ^' 
ters  of  the  same  canton. 
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Eruptive  complaints  are  as  frequent  on  high  grounds  as 
on  plains,  as  we  have  already  remarked,  when  speaking  of 
Alpestrine  climates.  Scarlatina,  measles,  and  smallpox,  ap- 
pear in  greater  intensity  whereyer  they  find  circumstances 
tending  to  promote  contagion ;  perhaps,  eren  in  spite  of  the 
parity  of  the  air,  these  diseases  are  so  much  the  more  se- 
vere and  widely  spread,  as  the  dwellings  in  the  high  Alps  are 
confined  and  unhealthy.  This  latter  remark  may  explain,  in 
a  certain  degree,  the  frequency  of  typhoid  fever  in  the  ma- 
jority of  elevated  localities,  where  we  observe  this  disease  pro- 
pagated and  reproduced  every  year  with  the  greatest  facility. 
This  has  been  shown  to  be  the  case  by  Professor  Lebert  in 
Switzerland,  Professor  Bertrand  on  the  heights  around  Gre- 
noble, and  practitioners  in  the  Yaudese  valleys  of  Piedmont. 

There  are  still  three  diseases  on  which  I  wish  to  make  some 
remarks  ;  scrofula,  goitre,  and  cretinism. 

Scrofulous  diseases  are  not  rare  in  mountainous  countries. 
But  are  they  more  frequent  than  in  the  plain  1  This  is  a 
question  which  I  do  not  hesitate  to  answer  in  the  affirmative. 
It  appears,  indeed,  to  be  unquestionable,  from  the  investiga- 
tions of  Professor  Lebert  respecting  the  scrofulous  patients  of 
the  different  districts  of  the  Canton  de  Yaud,  that  mountainous 
regions  are  more  frequently  attacked  with  diseases  of  this 
kind.  My  own  personal  experience  entirely  agrees  with  that 
of  my  honourable  colleague.  In  fact,  the  greater  number  of 
the  scrofulous  patients  placed  under  my  care  came  originally 
from  the  declivities  of  the  Jura,  or  the  Alpine  regions  of  Sa- 
voy. 

Must  we  suppose,  from  these  facts,  that  mountain  climates 
are  favourable  to  the  development  of  scrofulous  complaints  ? 
Before  coming  to  such  a  conclusion,  we  must  take  into  account 
the  less  easy  circumstances,  the  inferior  food,  the  frequent  in- 
termarriages between  members  of  the  same  family,  and  the 
general  neglect  of  the  laws  of  health  in  building  dwelling- 
houses,  and  compare  all  these  circumstances  with  such  as  sur- 
round the  inhabitants  of  towns,  whercj^incomes  are  larger,  food 
more  plentiful,  ease  and  comfort  more  generally  diffused.  It 
is  necessary,  also,  to  consider  the  stagnation  of  the  air  and 
humidity  of  the  atmosphere  in  the  deep  valleys  of  the  Alps, 
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into  which  the  san  can  penetrate  only  a  few  hours  a  day.  All 
these  considerations  combined  are  more  than  sufficient  to  ex- 
plain the  predominance  of  scrofula  in  mountain  residents, 
apart  from  questions  concerning  climate.     Is  the  case  the 
same  in  villages  with  a  good  exposure,  and  whose  inhabitant 
are  in  somewhat  easy  circumstances  1    I  think  not.   On  the 
Contrary,  it  appears  to  me  extremely  probable,  that  where  hy- 
gienic circumstances  are  farourable,  scrofulous  diseases  are 
rarer  in  the  mountains  than  in  the  plains.    We  shall  find  a 
confirmation  of  this  view  in  what  remains  to  be  said  on  goitre 
and  cretinism,  diseases  which  have  a  close  analogy  to  scrofala 
In  most  of  the  valleys  of  the  high  Alps  we  meet  with 
goitrous  persons  and  cretins.    In  producing  these  diseases, 
what  is  the  influence  of  climate  and  of  the  anti-sanitary  cir- 
cumstances which  we  have  enumerated  in  regard  to  scrofula  ? 
This  we  shall  not  be  in  a  condition  to  determine  for  some  time 
to  come  {  but)  in  the  meantime,  thanks  to  the  investigations 
of  the  Sardinian  government,  and  the  numerous  works  of  Swiss 
and  Oerman  physicians,  we  can  no  longer  doubt  the  fact,  that 
if  the  woods  be  cleared  away  around  the  villages,  the  dwell- 
ings improved,  and,  at  the  same  time,  the  inhabitants  plac^ 
in  easier  circumstances,  and  causes  of  disease  thus  removed  by 
a  more  judicious  application  of  the  laws  of  health,  we  do  not 
fail  to  find  goitre  and  cretinism  diminish,  and  even  disap- 
pear.    And  if  we  add  to  this  consideration  the  fact  about 
to  be  mentioned,  namely^  that  neither  goitres  nor  cretins  are 
met  with  beyond  a  certain  limit  of  height,  we  shall  become 
more  and  more  convinced  of  the  correctness  of  this  conclusion. 
In  the  mountains  of  Thuringia  and  of  the  Black  Forest,  cre- 
tins disappear  above  2296  feet.    Among  the  Alps,  the  absence 
of  cretinism  manifests  itself  at  about  2952  feet  in  northern  ex- 
posures, and  at  6577  feet  in  southern  exposures.    Cretins  are 
not  met  with  in  the  Cordilleras  above  14,100  feet. 

The  inhabitants  of  countries  liable  to  this  infirmity  have 
long  been  aware  of  this  privileged  condition  of  high  grounds, 
and  of  the  beneficial  properties  of  the  invigorating  ^ 
breathed  there,  for  preventing  or  ameliorating  the  physical 
and  intellectual  state  of  children  predisposed  to  cretinism. 
It  is  with  this  view  that  they  send  women  to  be  delivered,  and 
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their  children  to  reside  for  a  time  on  heights.  It  is  also  on 
this  popular  opinion  that  the  experiment  has  been  founded, 
carried  on  for  twenty  years  by  Dr  Guggenbuhl,  at  Abendberg 
(3624).  Convinced  that  the  high  strata  of  the  atmosphere 
exert  a  preyentive  influence  on  the  development  of  cretin- 
ism, this  philanthropist  was  the  first  to  conceive  the  happy 
idea  of  employing  this  means  of  counteracting  the  malady 
and  arresting  its  development.  It  is  not  for  me  to  give  a  de* 
cided  opinion,  in  this  place,  as  to  the  extent  of  the  results  ob- 
tained by  his  method ;  but,  from  the  facts  which  have  come 
under  my  own  personal  knowledge,  it  appears  that  a  certain 
number  of  cretins  and  idiots  leave  this  establishment  in  a 
physical  and  intellectual  state  so  considerably  improved,  that 
we  must  admit,  with  Dr  Guggenbuhl,  that  much  of  the  change 
may  be  ascribed  to  the  atmosphere  of  the  high  mountains, 
which  not  only  prevents  the  appearance  of  cretinism,  but  ar- 
rests its  progress  when  it  has  already  appeared  under  the 
influence  of  those  anti-hygienic  causes  enumerated  above. 

Let  us  now  give  a  short  recapitulation  of  the  preceding 
facts,  and  thus  trace  the  main  features  of  what  I  call  Alpes- 
trine  pathology. 

We  have  seen,  in  the  first  place,  that  there  are  three  prin- 
cipal diseases  which  increase,  both  in  frequency  and  severity, 
with  the  height, — inflammation,  asthma,  and  haemorrhages. 

In  the  second  place,  we  have  ascertained  that  there  are  other 
morbid  afiections  which  develop  themselves  between  the  limits 
of  a  certain  range  of  elevation  in  such  a  way  that  they  are 
rare  or  unknown  above  and  below  these  limits.  We  have 
fixed,  approximately,  the  phthisical  zone  between  1640  and 
3280  feet ;  that  of  goitre  and  cretinism  at  heights  varying 
according  to  the  exposure  and  latitude  ;  and  finally,  the  zone 
of  scrofulas,  which  has  many  relations  with  that  of  phthisis. 

In  the  third  place,  we  have  indicated  the  comparative  fre- 
quency of  diseases  of  the  heart,  chronic  bronchitis,  muscular 
or  neuralgic  rheumatisms,  and  chlorosis,  in  mountainous  coun- 
tries ;  while  intermittent  fevers,  disorders  of  the  digestive 
canal,  articular  rheumatisms  acute  and  chronic,  as  well  as 
uterine  hsamorrhages,  are  met  with  there  more  rarely  than  in 
the  plain. 

o2 
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Lastly,  we  hare  aaeertai&ed  that  there  are  certwi  morbid 
affections  which  appear  to  be  in  no  respect  modified  by  heigjii. 
Typhoid  and  eruptire  fevers  are  of  this  class. 

Such  are  the  resalts  which  arise  from  the  inyestig&tionB  I 
hare  undertaken  on  this  subject,  hitherto  so  little  studied,  and 
which  I  hope  will  be  of  future  adrantage.  In  the  meantime 
this  riew,  idthough  very  incomplete,  of  the  pathological  infla- 
ence  of  heights,  may  furnish  some  valuable  indications  to  medi- 
cal men  to  guide  them  in  the  advice  they  are  called  upon  to 
give  as  to  the  diseases  which  may  be  soccessfally  combated 
by  a  mountain  residence.  But  before  entering  upon  the  prae- 
tical  department  of  our  subject,  we  require  to  ascertain,  from 
direct  observation,  what  physiological  modifications  are  pre- 
duced  on  our  organs  by  alpine  and  sub*alpine  climates. 

§  2.  Physiological  influence  of  Alpine  and  Sub'<ilpiM 

Climates  (below  6560  feet). 

We  have  seen  what  diseases  develop  themselves  in  the  na- 
tive inhabitants  of  mountains ;  let  us  now  consider  the  changes 
which  take  place  in  our  organs  under  the  influence  of  a  tem- 
porary abode  in  the  same  regions. 

When  the  locality  chosen  for  a  residence  does  not  surpass 
3230  or  4921  feet,  none  of  those  serious  disturbances  usually 
take  place  in  the  respiration  and  circulation  which  are  ob- 
served at  greater  heights.  It  seems,  on  the  contrary,  that 
notwithstanding  the  decrease  of  atmospheric  pressure,  these 
functions  are  performed  with  greater  ease  and  regularity. 

The  respiration  becomes  fuller  and  more  complete,  as  if  & 
considerable  weight  had  been  removed  from  the  walls  of  the 
thorax.  This  sensation  of  wellbeing  is  expressed  by  the  word 
lightnesSy  applied  to  the  air  of  mountains  compared  with  that 
of  the  surrounding  plains,  which  is  designated  bj  the  opposite 
terms  heavy  or  stifling. 

The  circulation  likewise  yields  in  a  perceptible  manner  to 
the  influence  of  moderate  elevations ;  the  pulse  becomes  calmer 
and  more  regular ;  a  just  equilibrium  is  established  between 
ihe  venous  and  arterial  circulation,  so  that  persons  predis- 
posed to  congestions  soon  feel  themselires  greatly  relieved 
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after  sojouming  some  time  in  a  lofty  locality.  It  is  true  that 
under  the  influence  of  a  more  complete  respiration,  as  well  as 
in  consequence  of  a  more  actiye  assimilation,  a  state  of  ple- 
thora frequently  supervenes,  and  this,  concurring  with  a  weak 
atmospheric  pressure,  may  bring  on  haemorrhages  ;  a  circum- 
stance which  deserves  serious  consideration  when  it  is  con- 
templated to  send  to  an  elevated  situation  a  patient  predis- 
posed to  this  kind  of  morbid  affection. 

Another  effect,  not  less  characteristic  of  climates  of  this  de- 
scription, is  the  activity  they  infuse  into  the  muscular  system. 
Nothing  is  more  striking  than  the  rapidity  with  which  patients 
in  a  state  of  the  utmost  debility  recover  on  high  grounds  the 
strength  which  they  had  believed  to  have  been  lost  beyond 
recal.  While,  in  the  plains,  a  walk  of  a  few  minutes  was 
sufficient  to  bring  on  intolerable  fatigue,  transported  to  the  in- 
vigorating atmosphere  of  the  Alps,  they  can  spend  with  im- 
punity many  hours  in  roaming  about  them.  The  sensations, 
so  novel  in  their  character,  which  they  then  experience,  find 
utterance  in  figurative  expressions.  Sometimes  it  is  a  cuirass 
which  supports  and  encloses  them  on  all  sides,  imparting  a 
strength  which  seems  inexhaustible  ;  sometimes  it  is  a  facility 
of  motion  so  great  that  they  feel  as  if  borne  up  above  the 
earth.  Aeeordingly,  we  often  see  frail  and  delicate  beings,  who 
in  their  ordinary  mode  of  life  calculate  every  movement,  in 
order  to  avoid  a  fatigue  disproportionate  to  their  strength,  yet 
who,  when  once  they  have  reached  the  heights,  are  able  to 
climb  the  steepest  hills  and  undertake  lengthened  walks,  drawn 
on  by  the  wish  to  contemplate  some  beautiful  view,  or  to 
gather  some  alpine  flower  to  adorn  their  album. 

Lastly,  to  conclude  this  view  of  the  influence  of  heights  on 
the  muscular  system,  we  may  mention  the  rapidity  with  which 
the  strength  is  recovered  when  it  seems  exhausted  by  long 
walking.  This  was  often  experienced  by  Samssure ;  and  he  de- 
scribea  it  in  the  following  manner :  **  The  strength  is  repaired 
as  speedily  (and  to  all  appearance  as  completely)  as  it  has 
been  exhausted.  Merely  a  cessation  of  movement  for  the 
short  space  of  three  or  four  minutes,  even  without  seating 
one's  self,  seems  to  restore  the  strength  so  perfectly,  that  on 
resuming  progress,  one  feels  as  if  able  to  climb  a^  a  single 
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stretch  to  the  very  peak  of  the  mountain.    But  in  tbe  plain, 
fatigue  like  this  could  not  be  overcome  with  so  much  ease.** 

The  digestive  functions  are  also  considerably  modified ;  the 
appetite  becomes  more  active  and  regular;  its  cravings  are 
more  frequently  felt,  and  it  becomes  necessary  either  to  lessen 
the  interval  between  meals,  or  to  indulge  in  them  more  liber* 
ally.  The  kind  of  food  may  likewise  be  varied ;  for  as  the 
stomach  bears  a  greater  quantity,  it  also  digests  more  easily 
substances  which,  in  the  plain,  would  occasion  pain  and  indi- 
gestion. 

But  it  is  not  merely  the  muscular  strength,  the  respiration, 
and  digestion,  which  are  modified  by  the  mountain  atmosphere, 
it  is  more  especially  the  nervous  system  on  which  it  acts  with 
greatest  power.  How  many  persons,  enfeebled  by  too  intel- 
lectual a  life,  have  recovered,  by  this  means,  the  power  of 
thinking,  and  devoting  themselves  anew  to  the  labours  of  the 
study  1  How  many  others,  worn  out  with  cares  and  anxieties, 
have  recovered  the  tranquillity  and  equipoise  of  mind  neces- 
sary to  enter  with  success  into  active  life  t  Others  have  found 
that  excessive  sensibility  and  cerebral  excitement  which  ren- 
ders the  will  powerless  in  moderating  the  tumult  of  the 
thoughts,  gradually  give  way  to  its  influence. 

These  are  not  the  only  respects  in  which  the  good  efiects  of 
mountain  air  are  observable ;  what  contributes  particularly  to 
the  restoration  of  health  is  the  change  it  produces  in  regard 
to  sleep.  Persons  accustomed  to  sleep  heavily,  dreaming 
much,  and  awakening  almost  as  fatigued  as  when  they  went 
to  bed,  feel  a  great  improvement  in  this  respect ;  the  sleep 
becomes  tranquil  and  refreshing,  and  the  entire  constitution, 
as  well  as  the  nervous  system,  receive  from  it  a  salutary  im- 
pression. 

This  effect  of  heights  in  rendering  sleep  lighter  may  some- 
times produce  sleeplessness  in  very  impressible  individuals, 
but  it  is  seldom  that  this  symptom  continues  beyond  a  certain 
time.  When  it  happens  to  be  otherwise,  it  is  necessary  to  leave 
a  residence  found  to  be  too  exciting. 

It  is  probably  also  in  consequence  of  some  modification  of 
the  nervous  system  that  the  atmosphere  of  mountains  causes 
a  very  different  state  of  feelmg  from  that  of  the  plain.     At 
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the  same  temperature,  cold  is  much  less  felt  on  the  heights, 
and  occasions  no  disagreeable  impression,  thus  permitting  a 
longer  stay  in  the  open  air,  without  any  apprehension  of  bad 
consequences,  even  in  the  most  delicate  persons. 

We  may  therefore  conclude,  by  way  of  recapitulating  the 
preceding  facts,  that  if  the  respiration  be  freer,  the  circulation 
more  regular,  and  the  digestion  more  active,  it  is  evident  that 
it  is  by  modifying  the  functions  of  assimilation  and  sanguifi- 
cation (hematosis),  that  the  air  of  heights  gives  a  new  life  to 
debilitated  constitutions ;  and,  on  the  other  hand,  that  if  the 
muscular  vigour  be  increased,  the  sleep  more  tranquil,  and  the 
intellectual  functions  calmer,  it  is  because  the  air  of  mountains 
exercises  a  twofold  action  on  the  nervous  system — sedative  as 
regards  the  brain,  and  stimulating  in  respect  to  the  functions 
depending  on  the  nervous  centres,  the  spinal  marrow,  and  the 
ganglions.  It  thus  definitely  appears  that,  when  we  wish  to 
render  nutrition  more  complete,  and  re-establish  the  equili- 
brium between  the  animal  and  mental  functions,  we  should 
recommend  a  sojourn  in  some  elevated  locality;  while  we 
should  carefully  avoid  the  use  of  exciting  therapeutic  agents, 
whenever  we  have  to  do  with  plethoric  persons,  disposed  to 
infiammations  or  haemorrhages,  and  who  are  excessively  ner- 
vous, or  labouring  under  some  organic  disease  accompanied 
with  fever  or  great  vascular  irritability. 

Let  us  now  apply  the  results  of  our  investigations  to  medical 
practice,  and  take  a  review  of  the  different  diseases  on  which 
the  air  of  mountains  may  exercise  a  favourable  or  unfavour- 
able influence. 


III.  What  are  the  Diseases  which  may  be  mitigated  or  made 
worse  by  a  sojourn  among  Mountains  f 

The  atmosphere  of  heights  exercises,  as  we  have  seen,  a 
special  stimulating  action  on  the  digestive  functions ;  it  is 
not  surprising,  therefore,  that  stomachs  weakened  by  a  too 
sedentary  life,  or  injured  by  bad  treatment,  should  derive 
benefit  from  a  mountain  residence.  We  frequently  see  inva- 
lids seized  with  gastralgia  or  dyspepsia  in  various  degrees ; 
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hypochondriacs  with  a  sluggish  and  slow  digestion ;  all  who 
feel  their  stomachs^  to  use  the  expressive  remark  of  a  lady 
of  my  acquaintance,  who  indicated  her  state  of  perfect  health 
by  saying  that  she  did  not  feel  any  part  of  her  body ;  all 
patients  who  experience  during  digestion,  heaviness,  acidity, 
flatulence,  or  pains  ;  to  all  such  nothing  can  equal  the  invigor* 
ating  action  of  high  places,  which  not  only  restore  the  appe- 
tite, but  render  digestion  easy  and  rapid. 

I  have  myself  had  experience  of  this,  by  a  residence  of  this 
kind  after  a  bilious  fever  which  had  in  some  measure  para- 
lyzed my  digestive  powers.  I  had  scarcely  spent  a  few  days 
at  Mornex,*  when  my  appetite  and  the  power  of  digestion  were 
re-established. 

But  there  are  two  difficulties  against  which  it  is  necessary 
to  be  on  our  guard ;  the  first  is  the  disproportion  which  often 
exists  between  the  digestive  power  and  the  desire  for  food, 
the  last  being  often  so  urgent  that  one  would  be  tempted 
to  indulge  it,  if  great  prudence  be  not  used  with  regard  to 
the  quantity  of  food.  The  second  evil  against  which  it  is 
necessary  to  guard,  is  the  constipation  which  often  comes 
on  in  high  grounds,  both  in  consequence  of  a  more  complete 
assimilation,  and  as  the  result  of  a  peculiar  influence  on  the 
peristaltic  motions.  This  tendency  must  be  speedily  counter* 
acted,  as  it  cannot  fail,  combined  with  a  more  substantial  nour* 
ishment,  to  bring  on  some  gastric  or  intestinal  derangement. 

It  naturally  results  from  what  has  been  said,  that  diarrhoeas 
dependent  on  a  state  of  weakness,  or  not  induced  by  any  or- 
ganic cause,  will  be  mitigated  by  an  abode  of  this  nature, 
provided  always  the  precautions  just  spoken  of  be  attended  to. 
When  the  intestinal  flux  is  produced  or  kept  up  by  ulcera- 
tions  or  some  disease  of  the  liver,  not  much  is  to  be  expected 
from  a  mountain  residence,  except,  perhaps,  its  giving  some 
strength  to  a  broken  constitution,  and  thus  resisting  the  or- 
dinary consequences  of  an  incurable  malady. 

We  have  seen  that  the  atmosphere  of  high  grounds  exercises 
a  powerful  influence  on  hematosis,  that  the  respiration  is  fuller, 
and  the  circulation  more  regular  ;  it  will  therefore  be  under- 

«  Highest  part  of  the  vmage,  1867  feet  \  BeUevae  Hotel,  ISO!  feet;  Chapnia 
Hotel,  1630  feet. 
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stood  that  all  classes  of  patients  or  conyalescents  in  whom  the 
blood  is  impoverished,  either  from  primary  or  secondary  causes, 
ought  to  derive  from  it  a  speedy  improvement. 

Experience  in  this  case  is  in  perfect  harmony  with  theore- 
tical inductions.  In  fact,  convalescents  who  have  been  sub- 
jected to  a  lengthened  regimen,  long  confinement,  or  an  ener- 
getic antiphlogistic  treatment,  almost  always  find  themselves 
improved  on  leaving  the  plain. 

The  case  is  the  same  with  those  suiSering  from  chlorosis 
and  anaemia,  who  speedily  regain  strength  and  colour  under  the 
same  influence.  We  cannot  insist  too  much  on  the  benefit 
which  this  class  of  patients  may  obtain,  such  of  them 
especially  as  have  not  been  benefited  by  the  use  of  iron  and 
skilful  treatment.  This  is  likewise  the  case  with  chlorosis 
accompanied  with  cough  and  fever,  which  has  so  great  a  re- 
semblance to  acute  phthisis,  that  the  most  careful  practi- 
tioners are  often  deceived  by  it ;  nothing  can  equal  the  effect 
of  heights  in  removing  the  cough  as  well  as  the  fever,  in  re- 
storing the  appetite,  and  re-establishing  the  health.* 

The  same  remark  applies  with  still  greater  force  to  persons 
enfeebled  by  a  long  residence  in  warm  countries.  If  they  are 
merely  debilitated  by  tropical  climates,  or  seized  with  ansemia, 
in  consequence  of  chronic  hepatitis  or  frequent  attacks  of 
dysentery,  I  am  unacquainted  with  any  therapeutic  resource 
for  counteracting  these  morbid  states  comparable  to  the  in- 
vigorating air  of  the  Alps ;  and  more  than  one  patient  can  tell 
of  the  happy  change  it  has  wrought  in  them.  What  we  can 
affirm  in  this  respect  of  the  mountains  of  Switzerland,  the  in- 
habitants of  India  and  Africa  can  say  of  the  Neilgherries 
and  the  Himalaya,  and  the  heights  which  overlook  the  west- 
em  coast  of  Africa,  which  would  be  the  tomb  of  a  much 
greater  number  of  Europeans,  without  the  valuable  resource  of 
mountain  air,  which  preserves  from  pestilential  effluvia,  and 
imparts  some  vigour  to  constitutions  exhausted  by  the  heats 
of  these  inhospitable  countries. 

Finally,  there  is  another  form  of  chloro-ansemia  which  is 
likewise  very  notably  mitigated  by  high  grounds,  I  mean  that 

*  See  Dr  RUliet's  Memoir  on  this  subject.    (Archive  dt  2ied€cinej  February 
1355). 
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which  results  from  frequent  attacks  of  intermittent  fever. 
Such  a  situation  presents  the  double  advantage  of  changing 
an  air  charged  with  deleterious  effluvia  for  one  essentially 
tonic,  which  exerts  the  most  favourable  influence  on  marsh 
ansBmia,  whether  it  be  accompanied  or  not  with  anasarca  and 
obstructions  of  the  spleen. 

In  cases  of  dropsy,  caused  by  some  internal  disease,  not 
much  advantage  can  be  expected  from  such  a  change  of  air, 
but  rather  the  contrary ;  for  the  activity  imparted  to  the  cir- 
culation and  assimilation,  as  well  as  the  almost  absolute  im- 
possibilit^of  walking  without  going  up  hill,  are  at  variance 
with  the  action  of  the  therapeutic  remedies  required  for  this 
disease. 

It  is  the  same  with  confirmed  phthisical  cases,  as  the  dis- 
order advances  with  greater  rapidity  on  high  grounds  than  in 
the  plain.  The  apprehension  of  haemoptysis  is  another  rea- 
son for  preventing  us  sending  to  the  mountains  such  as  are 
threatened  with  phthisis.  But  when  there  is  no  hectic  fever, 
and  the  tubercles  are  not  far  advanced,  it  is  not  rare  to  find 
the  malady  checked  by  sojourning  in  an  elevated  locality, 
provided  it  be  exposed  to  the  east  or  south.  The  experience 
of  the  medical  men  of  Greneva  is  unanimous  in  admitting  that 
the  air  of  Momex  (1630  to  1856)  unites  in. the  highest  degree 
the  qualities  indicated  above;  and  that  it  exercises  an  eminently 
beneficial  influence  on  diseases  of  the  chest  not  far  advanced, 
by  allowing  a  certain  amount  of  exercise  and  abode  in  the 
open  air.  Some  villages  situated  on  the  hills  which  overlook 
Momex  appear  to  enjoy  the  same  advantage. 

The  various  forms  of  asthma  and  pulmonary  emphysema, 
present  very  different  results  on  heights ;  some  of  them  are  very 
considerably  mitigated,  so  that  the  patients  almost  escape  the 
oppressive  paroxysms,  and  can  take  exercise  and  food  without 
injury.  There  are  even  some  of  them  who  cannot  breathe 
freely  except  on  the  mountains,  and  experience  a  sense  of 
suffocation  when  they  descend  to  the  plain.  But  the  contrary 
is  observed  in  the  greatest  number ;  they  suffer  the  more  the 
higher  the  level  above  the  sea.  In  all  asthmatic  patients,  fine 
weather  relieves  the  respiration,  while  humidity  renders  it 
di£Seult,  and  this  remark  particularly  applies  to  alpestrine  lo- 
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califcies,  where  this  class  of  patients  ought  never  to  remain 
after  the  weather  becomes  cold  and  damp. 

Among  the  other  disorders  of  the  respiratory  apparatus 
which  are  benefited  by  heights  we  may  enumerate  chronic 
pulmonary  catarrhs,  more  especially  when  they  do  not  depend 
on  any  organic  disease  of  the  heart.  Those  recovering  from 
influenza  or  acute  pulmonary  catarrh  are  in  the  same  condi- 
tion, as  well  as  patients  suffering  under  hooping-cough.  With 
regard  to  the  latter,  when  the  first  month  is  over,  nothing  can 
effect  a  greater  improvement  than  this  remedy,  provided,  how- 
ever, the  place  chosen  as  a  temporary  station  have  a  good  ex- 
posure, and  combine  the  qualities  we  have  ascribed  to  the 
climate  of  Mornex,  which  is  justly  regarded  as  highly  favour- 
able to  this  class  of  diseases.  But  it  must  not  be  forgotten 
with  regard  to  this,  as  well  as  all  thoracic  complaints,  that 
the  air  of  mountains  predisposes  to  inflammations,  and  that 
we  ought  to  take  into  consideration  this  pathogenetic  cause  in 
a  disease  which  so  frequently  becomes  complicated  with  bron- 
cho-pneumonia. 

We  have  seen  that  the  muscular  strength  is  greatly  in- 
creased under  the  influence  of  which  we  are  speaking ;  it  will 
therefore  be  understood  that  all  cases  of  paralysis,  not  con- 
nected with  a  state  of  cerebro-spinal  congestion,  ought  to  be 
benefited  by  this  means.  This  is  likewise  observed  in  the 
weakness  which  so  frequently  complicates  hysteria,  as  well 
as  those  which  follow  rheumatism  in  the  joints,  gout,  and  dis- 
eases of  the  spinal  marrow.  It  is  not  rare,  in  the  latter  cases, 
to  witness  persons  long  confined  to  bed  recover  strength  in  a 
few  days,  and  able  to  take  pretty  long  walks  without  much 
fatigue. 

But  just  as  we  have  seen  the  appetite  exceed  the  digestive 
powers,  and  require  to  be  kept  in  check,  so  the  same  thing 
often  happens  with  the  muscular  strength,  which,  under  the 
excitement  of  a  mountain  atmosphere,  sometimes  appears  to 
be  more  speedily  and  completely  restored  than  it  really  is ; 
hence  often  follows  an  excess  of  fatigue  felt  for  a  long  ime 
afterwards,  if  the  strength  be  pushed  to  the  extreme  limit 
of  which  it  is  thought  capable.  Accordingly,  it  is  neces- 
sary to  recommend  great  prudence,  both  with  regard  to  the 
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exercise  taken  on  foot,  and  with  respect  to  the  amount  of 
diet. 

Diseases  of  the  nervous  system  are  also  greatlj  relieved  by 
an  elevated  residence.  This  is  the  case  with  hysteria  and 
hypochondriasis  in  their  different  forms;  with  simple,  (not 
rheumatic)  neuralgia;  megrims  (hemicrania),  which  some- 
times disappears  suddenly  on  removing  from  the  plain  to  the 
mountain ;  sleeplessness,  which  in  the  majority  of  cases  soon 
yields  to  the  same  influence ;  finally,  all  the  different  forms  of 
nervous  fatigue,  intellectual  or  cerebral,  which,  for  the  most 
part  are  favourably  modified  by  the  same  means.  With  re- 
gard to  chorea  and  epilepsy,  they  do  not  undergo  from  it  any 
perceptible  change. 

The  various  irregularities  of  menstruation  which  have  been 
mentioned  above  are  among  of  disorders  which  appear  to  be 
in  a  manner  quite  peculiar,  under  the  influence  of  the  quality 
of  the  air.  On  heights,  leucorrhoea  is  diminished ;  menstrua^ 
tion  is  more  copious ;  while  uterine  discharges,  which  are  in- 
creased by  weakness,  are  very  promptly  and  very  remarkably 
mitigated. 

With  re;pect  to  other  haemorrhages,  we  have  seen  that  the 
air  of  mountains  aggravates  them,  when  they  depend  on  an 
excess  of  vitality  or  too  active  a  circulation ;  but  that,  on  the 
contrary,  if  they  arise  from  a  defect  in  the  plasticity  of  the 
blood,  there  is  no  curative  means  equal  to  the  vivifying  in- 
fluence of  an  elevated  locality  to  restore  the  strength  by  put- 
ting an  end  to  loss  of  blood  in  this  way. 

Hsemorrhoidal  congestions  become  less  frequent  on  heights, 
which  assist  the  restoration  of  the  equilibrium  in  the  venous 
circulation.  It  is  true  that,  under  this  influence,  transitory 
congestions  sometimes  occur ;  but  this  crisis  is  rather  favour- 
able, and  most  frequently  contributes  to  restore  health  and 
comfort  to  persons  labouring  under  infirmities  of  this  kind. 

Finally,  and  to  conclude  this  enumeration  of  cases  which 
may  be  benefited  by  change  of  air,  it  may  be  affirmed,  that  of 
all  who  have  been  subjected  to  this  influence  none  have  under* 
gone  so  rapid  and  complete  an  improvement  as  the  diseases  of 
children.  Whether  they  be  enfeebled  by  any  acute  or  chronic 
morbid  affection,  or  suffering  from  a  state  of  diathesis,  such  as 
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tubercles  or  scrofula,  they  seldom  fail  to  recover  strength  and 
appetite ;  their  colour  becomes  healthy,  and  that  even  in  the 
space  of  a  few  days,  which  is  for  the  most  part  sufficient  to 
work  such  a  change  in  these  little  patients  as  to  make  them 
scarcely  recognisable. 

And  now  that  we  have  reviewed  the  various  morbid  affec- 
tions which  are  modified  by  the  atmosphere  of  heights,  I  have 
nothing  more  to  do,  in  order  to  conclude  this  long  investiga- 
tion, than  to  make  known  the  different  localities  which  may  be 
chosen,  and  point  out  the  hygienic  precautions  requisite  for 
obtaining  all  the  benefit  that  may  be  expected  from  a  thera- 
peutic agent  so  valuable  as  that  under  consideration. 


IV.  What  are  the  Localities  best  adapted  to  dij^erent  Dis" 
easesy  and  the  Hygienic  precautions  necessary  for  a  sojouim 
among  the  Mountains  i 

Let  us  begin  with  making  a  few  preliminary  remarks  on  the 
circumstances  calculated  to  favour  success,  and  then  take  a 
review  of  the  resources  afforded  by  Switzerland  and  the  neigh- 
bouring districts  of  Savoy,  in  order  to  accomplish  the  object 
indicated  for  this  chapter. 

The  first  remark,  to  which  it  appears  to  me  of  importance  to 
attend,  is,  that  it  is  necessary  to  proportion  the  height  to  the 
degree  of  sensibility  of  impression  in  the  patients.  Some  of 
them  are  so  truly  sensitive  in  regard  to  change  of  air,  that  re- 
moval from  the  town  to  the  country  is  sometimes  sufficient  to 
produce  a  considerable  alteration  in  their  state  of  health;  it  is 
not  necessary,  therefore,  to  go  far,  or  to  ascend  high,  in  search 
of  what  may  be  found  at  the^door. 

Other  persons  are  influenced  by  changes  of  height,  appa- 
rently by  no  means  considerable,  but  still  sufficient  to  bring  on  a 
real  transformation.  For  this  class  of  patients,  we  may  choose 
localities  in  the  immediate  neigbourhood  of  towns,  and  adapt 
them,  in  regard  to  height  and  exposure,  to  the  susceptibility 
of  impression  and  nature  of  the  disorder  we  wish  to  remedy. 
We  may  apply  these  principles  to  some  villages  in  the  neigh- 
bourhood of  Geneva,  which,  notwithstanding  slight  di&rences 
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of  level,  possess  very  different  atmospheric  qnalities.  Similar 
obseryations  have  no  doubt  been  made  regarding  other  towns ; 
bat  it  is  evident  that  I  cannot  enter  into  details  of  this  nature 
without  lengthening  this  memoir  much  beyond  the  limits  as- 
signed to  me. 

Let  us  now  speak  of  the  hygienic  precautions  necessary  to 
derive  the  greatest  benefit  from  an  abode  of  this  nature.  The 
first  and  most  indispensable  is  easy  access,  with  a  carriage  road, 
and  suflScient  means  of  transport  for  conveyance  thither,  as 
well  as  for  the  exercise  of  convalescents  or  patients  incapable 
of  the  fatigue  of  even  a  moderate  walk.  The  second  condi- 
tion relates  to  lodgings,  which  ought  to  be  comfortable,  dry, 
well-aired,  and  admitting  of  being  warmed,  the  latter  being 
more  necessary,  as  the  changes  of  temperature  are  greater  and 
more  sudden.  The  third  relates  to  diet,  which  ought  to  be 
substantial,  varied,  and  suited  to  convalescents.  One  may 
carry  with  them  supplies  of  tea,  wine,  or  other  secondary  sub- 
stances, if  they  wish  to  have  them  of  superior  quality.  With 
respect  to  bread  and  flesh,  the  essential  bases  of  all  restorative 
alimentation,  their  good  quality  is  of  the  highest  importance 
if  we  wish  to  obtain  full  benefit.; 

The  last  two  circumstances  I  wish  to  mention,  are,  the  length 
of  time  to  be  spent  among  the  mountains,  and  the  season  most 
suitable  for  the  purpose ;  and  I  unite  the  two,  as  they  are  so 
intimately  connected  with  the  height  of  the  locality  selected  as 
a  residence.  In  fact,  the  higher  the  level,  the  more  decidedly 
tonic  and  exciting  are  the  qualities  of  the  air :  above  3937  or 
4921  feet,  therefore,  the  stay  should  not  exceed  six  weeks  or 
two  months ;  while  below  3280  feet,  it  may  last  without  in- 
convenience for  two  or  three  months.  It  often  happens  that 
changes  of  place  are  necessary  for  success  ;  because  the  body 
sometimes  becomes  very  speedily  habituated  to  the  tonic  air  of 
heights,  and  the  benefit  gained  at  first  will  not  fail  to  diminish 
unless  we  seek  in  a  higher  locality  what  we  once  found  in  a 
lower  one.  Sometimes,  also,  the  elccitement  produced  by  this 
means  exceeds  proper  limits,  bringing  on  want  of  sleep,  palpi- 
tations, frequency  of  pulse,  or  nervous  agitation,  when  it  be- 
comes necessary  to  descend  again  to  a  milder  climate. 

With  respect  to  the  most  favourable  season,  that  depends, 
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first  on  the  height,  secondly  on  the  exposure.  When  the 
latter  is  to  the  south  or  east,  and  the  height  not  great,  as,  for 
example,  from  1968  to  2624  feet,  one  maj  leave  the  plain  in 
the  month  of  April  or  May ;  to  places  about  3280  feet,  what' 
eyer  may  be  the  exposure,  it  is  not  possible  to  send  patients 
before  the  end  of  June  ;  in  regions  so  elevated  as  between  3280 
and  4921  feet,  July,  August,  and  the  first  half  of  September 
are  the  only  months  in  which  one  can  reside,  for  any  length  of 
time.  But,  as  may  be  readily  supposed,  a  more  or  less  southern 
exposure  will  cause  exceptions  to  this  general  rule. 

Having  indicated  the  most  favourable  and  the  most  neces- 
sary conditions  for  rendering  a  mountain  residence  of  real 
benefit,  it  only  remains  for  us  to  give  some  details,  as  abridged 
as  possible,  as  to  the  resources  which  Switzerland  and  some  of 
the  adjoining  parts  of  Savoy  offer  in  this  point  of  view. 

No  valley  can  be  compared  with  that  of  the  Leman  for  the 
variety  of  its  sites.  We  there  find,  in  fact,  almost  southern 
climates,  where  the  oleander  and  pomegranate  tree  grow  in 
the  open  air ;  while  other  localities  present  all  the  characters 
of  northern  climates,  where  the  snow  lies  for  six  or  eight 
months,  and  the  vegetation  is  almost  polar. 

As  an  example  of  the  localities  where  the  air  is  mild  and 
the  temperature  high  during  winter,  we  may  mention  Mon- 
treux  and  the  surrounding  villages  from  Yilleneuve  to  Vevey ; 
and,  on  the  other  hand,  as  sites  truly  alpestrine,  we  may 
name  the  Ormonds,  St  Cerques,  Lallias,  Glion,  and  many 
others,  whose  height  varies  from  3280  to  3937  feet.  We 
shall  commence  by  enumerating  them  in  their  geographical 
order,  and  afterwards  classify  them  according  to  their  me- 
teorological properties. 

If  we  take  Geneva  as  a  centre  whence  to  set  out  in  search 
of  a  place  of  abode  for  invalids,  we  shall  find,  as  has  been 
mentioned,  many  villages  which,  by  their  exposure  and  dif- 
ference of  level,  present  some  of  the  characters  of  a  moun- 
tain climate,  when  compared  with  the  town.  Such  is  the  case 
with  Lancy  (1312),  on  the  eastern  declivity  of  a  small  hill  ex- 
posed to  all  winds,  and  particularly  to  the  north  wind,  which 
renders  the  air  of  this  locality  remarkably  bracing;  Jussy 
(1551),  which  is  in  a  similar  situation,  and  offers  the  same  cha- 
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raoters ;  Colognj  (1495),  and  Bessinges  (1636),  where  Golosel 
Tronchin  has  erected  an  establishment  for  convalescents  wMck 
appears  to  exercise  a  very  favourable  influence  on  all  wlio 
require  to  be  strengthened ;  Burdigny  (1531),  Peissy  (1640), 
and  ChouUy  (1656),  which  are  brought  very  near  Geneva  tj 
the  railway,  and  offer  most  valuable  resources  to  patients. 

To  the  villages  just  named,  may  be  added  others  wliose 
situation  singularly  adapts  them  to  such  as  require  an  air  at 
once  mild  and  stimulating,  such  as  Champel  (1364),  Grand- 
Sacconex  (1476),  Petit-Sacconex  (1453),  Pregny(1485),  Cham- 
besy  (1285),  Chouny  (1535),  and  Vaudoeuvres  (1525).  If  we 
compare  these  different  sites  with  the  town  of  Geneva  (1230)i 
we  shall  not,  perhaps,  find  the  difference  of  level  so  considerable 
as  to  justify  us  in  expecting  much  change,  and  yet  medical  ex- 
perience testifies  to  the  contrary ;  for  I  can  refer  to  patients  who 
experience  very  marked  effects  by  a  change  of  height  not  ex- 
ceeding 65  or  98  feet ;  as,  for  example,  from  the  lower  part  of 
the  town  to  the  highest  streets,  or  to  the  plateau  of  Tranches 
or  Champel. 

If  we  proceed  from  the  immediate  vicinity  of  Geneva  to 
localities  a  little  more  remote,  the  first  we  meet  with,  as  en- 
joying a  well-deserved  reputation,  is  Momex  (1630  to  1866),  si- 
tuate on  the  eastern  and  southern  declivity  of  the  Petit-Salere. 
This  village,  which  is  of  great  length,  offers  different  sites, 
more  or  less  sheltered  from  the  north-wind,  and  has  most  of 
the  properties  we  desiderate,-— easy  access,  means  of  conrej- 
ance,  comfortable  lodgings,  and  a  hydro-therapeutic  establish- 
ment. Momex  thus  enjoys  a  reputation  to  which  it  is  well 
entitled. 

Not  far  from  Momex  is  a  village  which  forms  a  complete 
contrast  to  it.  Situate  in  the  gorge  which  separates  the  two 
Sal^ves,  Monnetier  (2335),  possesses  all  the  properties  of  a 
true  mountain  climate ;  the  air  is  keen,  constantly  renewed, 
and  the  temperature  lower  than  at  Momex,  so  that  this  locality 
may  be  regarded  as  essentially  tonic,  and  consequently  very 
suitable  for  patients  and  convalescents  weakened  by  long  con- 
finement, or  frequent  relapses.  Persons  affected  with  ansemia, 
chlorosis,  or  hysteria,  as  well  as  those  suffering  from  disor- 
ders of  the  nervous  system,  or  liable  to  passive  hamorrhages, 
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generally  find  themselves  greatly  benefited  by  a  residence  in 
this  place  during  the  summer  months.  It  will  be  obvious 
that  one  ought  to  come  to  it  later,  and  leave  it  earlier,  than 
Mornex.  We  must  not  forget  to  mention  two  advantages 
possessed  by  Monnetier,  and  which  render  it  more  and  more 
adapted  to  patients,  namely,  an  excellent  carriage-road,  which 
enables  the  most  delicate  persons  to  reach  it  without  quitting 
their  coach,  and  the  rebuilding  of  the  old  chateau,  which  has 
just  been  converted  into  a  comfortable  dwelling-house,  where 
patients  will  find  all  that  they  can  desire,  in  one  of  the  most 
picturesque  situations  that  can  be  found,  a  steep  rock,  from 
which  there  is  a  very  extensive  view  of  the  plain,  the  lake, 
and  the  mountains  of  our  valley* 

If,  from  Monnetier,  we  ascend  the  heights  of  the  Grand 
Saleve  we  find,  at  3842  feet,  various  chalets  and  dwellings, 
of  a  more  or  less  comfortable  description,  which  afibrd  great 
conveniences  to  those  who  seek  a  truly  alpestrine  atmosphere. 
The  Treize-Arbres,  Grange-Gaby,  and  some  others,  situate 
either  on  the  culminating  point  of  th«  Saleve,  or  on  its  eastern 
declivity,  enjoy  all  the  meteorological  qualities  favourable  to 
health ;  and  it  is  much  to  be  desired  that  the  intended  builds 
ings  and  carriage-road  were  speedily  completed,  that  patients 
may  be  able  to  avail  themselves  of  such  a  valuable  place  of 
resort  in  a  neighbourhood  so  near  Geneva. 

If  we  leave  the  shores  of  the  lake  and  ascend  the  course  of 
the  Arve  to  its  source  in  the  valley  of  Ghamounix,  we  shall 
find  various  localities  more  or  less  suitable.  On  the  sides  of 
the  Mole  we  come  to  the  very  picturesque  chalets  of  La  Tour 
(2956),  where  those  who  are  satisfied  with  what  is  strictly 
necessary,  without  seeking  for  luxury  or  indulgence,  will  find 
a  very  agreeable  abode  among  meadows  and  fir-woods,  which 
rise  to  the  summit  of  the  Mole  (6128).  The  same  thing  may 
be  said  of  the  chalets  situate  on  the  plateau  of  the  Yoirons, 
below  the  summits  of  the  Galvaire  (4777),  and  the  Pralaire 
(4613),  where  the  invigorating  air  will  make  ample  amends  for 
any  defect  of  comfort. 

The  valleys  of  Samdens  (2329),  and  of  Sixt  (2444),  may 
likewise  be  chosen  for  the  sa^me  purpose.  Their  easy  access, 
and  the  boarding-houses  and  hotels  lately  established  in  these 
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piftces,  hold  oat  mdncemests  to  patienifi  to  make  them  their  re- 
sidence. 

Such,  likewise,  is  the  case  with  the  village  of  St  GerraU 
(2674),  which  is  situate  above  the  baths,  on  a  very  steep  hill, 
and  presenting  the  most  varied  prospects.  The  invigor&tiiig 
air  of  this  place,  the  excellent  hotol  of  Mont-Jolj,  and  the 
delightful  excursions  which  may  be  made  to  the  places  around, 
have  long  caused  the  village  of  St  Gervais  to  be  a  residence 
highly  appreciated  by  the  sick  and  convalescents.  All  vho 
have  there  recovered  their  strength  and  health  retain  the 
most  agreeable  recollection  of  it,  and  are  ready  to  recommend 
their  friends  to  follow  their  example. 

Not  far  from  St  Gervais,  lie  the  valley  of  Chamounix  and 
the  village  of  Prieurfe  (3451),  which  is  well  known  as  an  object 
of  picturesque  excursions,  and  which  in  every  respect  deserfes 
its  European  reputation,  but  which  may  also  be  sought  for  on 
account  of  its  height  and  truly  alpestrine  climate.  The  great 
advantages  in  lodgings,  diet,  and  means  of  conveyance 
possessed  by  the  village  of  Chamounix,  may  in  my  opinion  be 
turned  to  the  best  account  by  all  whose  health  requires  an 
atmosphere  essentially  tonic.  The  result  has  confirmed  mj 
anticipations  ;  and  it  is  from  actual  experience  that  I  can  re- 
commend a  sojourn  of  some  weeks  in  this  elevated  valley- 
The  most  suitable  season  is  that  of  the  great  heats,  which  are 
very  endurable  at  Chamounix,  owing  to  the  currents  of  cold 
air  which  descend  from  the  high  peaks  and  refresh  the  atmo- 
sphere. 

If  we  come  back  to  Geneva,  and  turn  towards  the  side  of  the 
Jura,  we  shall  find,  between  the  lake  and  the  mountainSi 
numerous  villages,  many  of  which  are  very  well  situated,  and 
present  favourable  conditions ;  such  as  Divonne,  which  unites 
two  advantages,  an  invigorating  air  and  a  well  conducted  hy- 
dro-therkpic  establishment;  Crassier  (1662),  Gilly  (1684), 
where  there  is  a  house  for  convalescents  established  byM. 
Eynard,  and  which  daily  renders  great  services;  Giiigii^s 
(1788)  which  has  good  boarding-houses ;  Aubonne  and  I^' 
vigny  (1712) ;  Orbe  (1466),  and  a  few  ethers. 

As  we  approach  the  Jura,  many  localities  occur,  which  pre- 
sent in  various  degrees  the  characters  of  mountain  climates. 
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Such  18  the  case  with  Vallorbe  (2569),  and  the  valley  of  the 
lake  of  Joux  (3362),  and  particularly  St  Cergues  (3432),  a 
Tillage  placed  at  the  entry  of  the  passage  of  the  Rousses  on 
the  eastern  declivity  of  the  Jura,  in  a  very  favourable  ex- 
posure. The  air  breathed  in  this  place  possesses  all  desirable 
qualities,  so  that  St  Cergues  during  the  summer  season  is 
either  the  abode  of  invalids,  or  a  starting-point  for  excursions 
to  the  neighbouring  summits,  especially  to  the  Dole  (5449), 
at  the  foot  of  which  it  is  situated. 

In  the  environs  of  Merges,  Lausanne  and  Vevey,  are  to  be 
found  many  stations  which  may  be  chosen  for  the  purpose  of 
which  we  are  now  speaking ;  such  are  the  numerous  plains 
situate  on  the  high  ground  which  overlooks  Lausanne,  between 
the  Croisettes  (2624),  and  the  Chalet-i-Gobet  (2838).  Further 
to  the  east,  the  tower  of  Gurze  (3044),  and  on  the  hills  which 
rise  above  Vevey,  between  the  lake  and  the  Dent  de  Jaman, 
the  sulphurous  baths  of  Lallias  (3448),  where  there  is  a  well- 
managed  establishment,  wholly  surrounded  with  woods  and 
green  sward ;  Chamey  (5334),  which  by  its  southern  exposure 
unites  the  characters  of  a  mountain  climate  with  those  of  a 
mild  and  almost  southern  atmo^here ;  the  Pleiades,  situated 
at  the  foot  of  the  mountain  of  that  name  (4488),  to  the  north- 
west of  Vevey ;  Avants  (3212),  where  there  is  a  good  inn  ;  and, 
lastly,  Glion,  one  of  the  best  localities,  situated  on  an  isolated 
round  hill,  immediately  above  Montreux,  which  it  overlooks 
like  an  eagle's  nest.  On  this  picturesque  site  an  excellent 
hotel  has  recently  been  built,  at  the  foot  of  the  Dent  de  Ja-^ 
man,  and  in  front  of  it  one  of  the  most  beautiful  views  found 
in  our  valley,  a  position  which  has  deservedly  procured  for  it 
the  name  of  the  Vaudese  liighu 

When  we  ascend  the  course  of  the  Rhone,  and  leave  the 
valley  from  Aigle  on  the  way  to  the  mountain,  we  find  at  the 
foot  of  the  Diabl^ets  a  very  picturesque  valley,  that  of  the 
Ormonds,  which  is  divided  into  two  parts.  The  Sepey,  or 
Ormond-desseus,  is  3704  feet  in  height;  while  the  Plans, 
or  Ormoad-dessus,  is  3815  feet.  At  some  distance,  in  the 
valley  of  the  Mousses,  we  find  a  good  hotel,  much  frequented, 
especially  by  the  English,  at  Comballaz  (4426).  These  dif- 
ferent localities,  and  particularly  the  latter,  are  situated,  as 
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has  been  seen,  at  a  great  height  abore  the  level  of  the  sea; 
they  accordingly  enjoy  an  essentially  alpestiine  climate;  the 
air  is  invigorating,  the  temperature  moderate,  even  whea  the 
heat  of  the  plains  is  intense.  It  is  not  surprising,  therefore, 
that  the  Ormonds  should  be  much  frequented  in  the  summer 
season.  Sdpey  is  reached  by  a  good  road,  and  the  lodgings 
and  diet  are  such  as  to  leave  nothing  to  be  desired.  Many 
invalids  of  my  acquaintance  have  there  obtained  fresh  vigonr, 
bodily  and  intellectual ;  others,  more  easily  impressed,  have 
experienced  vertigo  and  palpitations,  occasioned  by  the  keen- 
ness and  rarity  of  the  air ;  while  the  majority  of  them  hare 
derived  substantial  benefit  from  an  abode  in  this  delightful 
valley.  But  it  must  not  be  forgotten,  that  its  oonsiderable 
height  does  not  admit  of  a  visit  before  the  month  of  July,  nor 
a  stay  beyond  the  end  or  even  middle  of  September,  especially 
in  the  most  elevated  station,  that  of  Gomballaz. 

Leaving  the  latter  place^  and  crossing  the  Col  du  Pillon,  we 
reach  the  valley  of  the  Simmenthal  and  that  of  the  Vaudese 
Gruyere,  whose  numerous  villages  have  become,  like  the  Or- 
monds, objects  of  excursions  and  places  of  abode.  Chateaoi 
d'Oex  (3260)  and  Bossini^re  contain  many  boarding-houses, 
where  everything  may  be  found  that  can  be  desired. 

The  neighbourhood  of  Bex  (1424)  may  likewise  be  selected 
for  the  purpose  in  view ;  the  Plans  (3674),  Grion  (4061),  and 
Ghesidres  (4002)^  do  not  supply  all  the  conditions  of  easy 
access  and  comfort  which  may  be  desired,  but  the  vivacity  and 
purity  of  the  air,  as  well  as  the  vicinity  of  such  a  town  as  Bex, 
partly  make  up  for  these  inconveniences. 

On  the  other  side  of  the  Bhone,  ascending  the  Val-d'Ilier  as 
far  as  Champ^ris  (3385),  we  come  to  the  village  of  that  name, 
in  the  bottom  of  a  beautiful  valley,  situated  on  the  eastern 
slope  of  the  Tours-Sallieres,  at  the  point  where  the  passage  of 
the  Cols  de  Coux  and  do  Champ  unite,  and  in  a  highly  pic- 
turesque situation.  The  lodgings  and  victuals  have  been  im- 
proved of  late  years,  so  that  we  may  venture  to  recommend 
Champ^ris  as  a  medical  station,  as  well  as  a  starting-point  for 
excursions  into  the  neighbouring  valleys  of  Mont. Blanc. 

TheValais  is  rich  in  alpestrine  localities,  among  which  are 
to  be  specified  Zermatt  (5331)  at  the  foot  of  Monte  Bosa>  and 
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lib^che  (4468),  both  of  which  are  very  well  known  to  tourists 
and  invalids.  They  are  placed  at  a  great  height,  almost  in 
the  immediate  vicinity  of  the  glaciers,  and  consequently  pos- 
sess an  essentially  tonic  atmosphere.  Although  Louche  is 
frequented  chiefly  for  its  thermal  waters,  there  can  be  no  doubt 
that  its  elevated  position  greatly  contributes  to  the  benefit  of 
the  numerous  invalids  who  take  up  their  abode  there  every 
year* 

Immediately  above  Neufchatel  is  the  mountain  of  Chaumont 
(3845),  where  patients  may  reside  with  advantage.  If  we 
leave  the  capital  of  the  canton  and  repair  to  the  north-west, 
we  arrive  at  the  Vallees,  which  are  so  well  known  as  the  seat 
of  manufactures,  but  which  may  likewise  be  resorted  to  as  a 
mountain  country  by  engravers  and  clockmakers  who  wish  to 
re-establish  their  health  without  interrupting  their  work.  They 
may  choose,  according  to  the  nature  of  their  occupation,  either 
Locle  (3021),  Chaux-de-Fonds  (3392),  or  Chaux-du-Milieu 
(3533). 

In  the  immediate  vicinity  of  Soleure  rises  the  Weissenstein, 
where  we  find,  at  the  height  of  4206  feet,  an  excellent  inn, 
well  known  to  the  inhabitants  of  the  neighbourhood,  who  resort 
to  it  to  be  cured  by  drinking  whey. 

The  Bernese  Oberland,  which  is  justly  so  much  resorted  to 
as  one  of  the  most  beautiful  countries  of  the  world,  may  like- 
wise become  a  place  of  rendezvous  for  all  who  wish  to  sojourn 
for  a  time  among  the  mountains.  They  will  find  there  very 
diversified  stations,  from  the  margin  of  the  lakes  of  Thun 
and  Brienz  to  the  baths  of  Bosenlaui.  Let  us  notice  some  of 
these  localities  in  succession,  and  endeavour  to  indicate  the 
characters  peculiar  to  each  of  them. 

We  may  name,  in  the  first  place,  the  baths  of  Gurnigel 
(3789),  where  one  breathes  a  perfumed  air,  in  the  midst  of 
magnificent  fir-woods,  and  having  a  most  extensive  view  in 
front ;  all  make  use  of  the  sulphurous  waters.  The  baths  of 
Blumenstein  (2205)  are  much  less  elevated  than  these,  but  may 
in  some  respects  serve  similar  purposes.  The  same  may  be 
said  of  Thun  (1844),  Interlacken  (1837),  Brienz  (1916),  Mey- 
ringen  (1988),  and  still  more  decidedly  of  Lauterbrunnen  (2595), 
Grindelwald  (3432),  or  the  baths  of  Sosenlaui  (4432),  which, 
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owing  to  their  great  elevation,  cannot  be  visited  except  in  the 
warmest  months  of  the  year.  The  immediate  vicinity  of  ibe 
glaciers,  and  the  numerous  excursions  which  may  be  made  in 
the  neighbourhood,  make  Rosenlaui  a  very  agreeable  station 
when  the  weather  is  fine,  and  the  snows  of  the  Scheideck  hare 
disappeared  from  the  paths. 

If  we  leave  the  canton  of  Berne  and  visit  the  lake  of  tke 
Four  Cantons,  wc  find,  in  the  first  place,  the  Righi  (5938),  the 
most  elevated  abode  in  Europe,  to  which  numerous  invalids 
resort  every  year  in  search  of  some  alleviation  of  their  maladies, 
as  well  as  the  re-establishment  of  their  strength,  exhausted 
with  fatigue  or  suffering.  The  establishment  of  Kaltbad  ad- 
mits of  the  combined  use  of  cold  water  and  the  restorative  sir 
of  the  high  Alps.  Persons  suffering  from  chlorosis  or  hysteria, 
and  particularly  hypochondriacs,  obtain  great  relief  by  this 
combination  of  two  means  of  cure  contributing  to  the  same 
object. 

In  front  of  the  Righi,  and  on  a  promontory  elevated  968 
feet  above  the  lake  of  Lucerne,  stands  Seelisberg  (2405),  a 
village  admirably  situated  in  a  country  wliich  abounds  in  pic- 
turesque sites.  It  is  accordingly  a  place  of  resort  during  a 
few  of  the  warm  weeks  of  summer,  and  a  good  number  of  con- 
valescents and  invalids  can  speak  of  the  benefits  they  have 
derived  from  it. 

Ascending  the  course  of  the  A  a,  we  arrive  at  Engelberg 
(3389),  in  the  centre  of  a  delightful  valley,  rich  in  points  of 
view  and  alpestrine  walks,  which  have  long  made  it  in  request 
by  tourists  and  valetudinarians. 

Returning  to  the  most  picturesque  lake  of  Switserland,  and 
perhaps  of  the  whole  world,  that  of  Lucerne,  we  find  many 
villages  on  its  banks  which  may  be  chosen  for  a  temporary 
abode.  The  greater  number  of  them  have  inns  or  comfortable 
places  of  residence ;  others  are  less  fortunate,  but  of  these  the 
number  is  decreasing  every  day.  A  very  comfortable  inn  has 
just  been  built  on  the  Stossberg,  at  the  height  of  6978  feet, 
in  a  locality  which  commands  an  enchanting  view. 

In  the  adjoining  districts,  the  canton  of  Appensell  has  also 
its  contingent  of  villages  recommended  by  medical  men.  This 
is  the  case  with  Gais  (3031),  where  visitors  come  to  inhale  the 
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mountain  air,  and  benefit  by  drinking  goat's  Tvhej.    Heinricha- 
bad  (2516)  and  Weissbad  (2690)  are  also  much  frequented. 

In  the  neighbourhood  of  the  lake  of  Zurich,  there  is  an  es- 
tablishment on  Mount  Albis,  where  a  trial  can  be  made  of  the 
cold  water  treatment,  as  on  the  Righi.  Dr  Brunner  s  success 
is  no  doubt  owing  to  his  long  experience  in  hydro-therapies, 
but  the  air  respired  at  Albisbrunnen  must  also  be  a  valuable 
auxiliary  in  the  cure. 

Lastly  (for  I  must  hasten  to  conclude  this  dry  enumeration, 
which,  notwithstanding  its  length,  is  no  doubt  very  incomplete), 
I  ought  to  say  a  few  words  on  the  most  highly  situated  baths 
of  Europe,  those  of  St  Moritz,  in  the  canton  of  the  Orisons, 
5839  feet  above  the  level  of  the  sea.  These  ferruginous  waters 
are  very  rich  in  mineral  matters,  and  their  efficacy  is  no  doubt 
greatly  increased  by  the  position  of  the  place  where  they  are 
used. 

And  now  that  we  have  taken  a  review,  following  the  geo- 
graphical order,  of  the  various  villages  or  establishments  which 
may  be  recommended  to  our  invalids,  it  only  remains  for  us  to 
classify  them  according  to  their  meteorological  qualities,  which 
depend  especially  on  the  absolute  height,  and  also,  though  in  a 
smaller  degree,  on  the  exposure  and  configuration  of  the  ground. 
Keeping  in  view  the  whole  of  these  circumstances,  we  may 
establish  three  classes,  in  which  the  difierent  localities  we  have 
spoken  of  may  be  arranged. 

I.  Climates  at  once  tonic  and  soothing  {below  5280  feet). 

Such  is  the  case  with  Momez,  the  villages  of  St  Gervais, 
Sixt,  Samo^ns,  Chemex,  Seelisberg,  and  a  few  other  stations 
in  the  neighbourhood  of  the  lakes  of  Thun,  Brienz,  or  Lucema. 
The  greater  part  of  them  are  6ituated  at  a  height  which  does 
not  exceed  3280  feet,  and  their  exposure  is  almoat  always 
eastern  or  southern. 

The  patients  who  ought  to  avail  themselves  of  this  climatei 
are  the  dyspeptic,  the  phthisical  in  the  first  stage,the  neuralgio, 
the  rheumatic,  as  well  as  those  recovering  from  typhoid  lev^r 
or  hooping-cough. 

The  height  and  exposure  render  these  difierent  statiooA  habit- 
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able  in  the  spring,  and  residence  at  tbem  may  be  prolosgeJ 
till  autumn. 


II.  Tonic  and  invigorating  climates  (about  3280 /e«t). 

We  place  in  this  category  the  village  of  Monnetier,  the 
Chalets  of  Treize-Arbres  on  the  Saleve,  those  of  Voirons,Cha- 
mounix,  the  baths  of  Lalliaz,  Glion,  Plans  near  Bex,  Chl^an- 
d'CEx,  and  Rossiniere,  the  Ormonds,  upper  and  lower,  Cham- 
peris,  and  Louesche-Ies-Bains,  Gbrindelwald,  Engelberg,  and 
Gais.. 

These  different  establishments  are  placed  at  an  elevation  of 
about  3280  feet,  and  if  situated  lower,  they  owe  their  me- 
teorological qualities  to  a  northern  exposure,  and  local  circum- 
stances which  admit  of  the  atmosphere  being  frequently  re- 
newed. 

The  patients  who  can  be  sent  to  them  with  advantage  are 
those  affected  with  chloro-ansemia^  hypochondriacs,  some  neu- 
ralgic patients,  and  such  as  are  subject  to  passive  haemorrhages, 
and  lastly,  puny  and  scrofulous  children. 

The  heights  of  these  places  being  considerable,  they  should 
not  be  visited  till  about  the  end  of  spring,  and  they  ought  to 
be  left  after  the  autumnal  rains  have  lowered  the  temperature. 

HI.  Climates  essentially  tonic  and  exciting  {above  3280  feet)- 

Such  are  Comballaz,  Grion  near  Bex,  the  baths  of  Gurnigel 
and  Rosenlatii,  the  Weissenstein,  Stossberg,  and  the  Righi,  and 
lastly,  St  Moritz  in  the  Grisons. 

The  air  breathed  on  these  heights,  which  range  between 
3936  and  5904  feet,  will  be  found  too  exciting  for  a  great 
number  of  patients ;  but  by  using  the  precautions  already  re- 
ferred to,  some  of  them  derive  great  benefit.  Such  is  the  case 
with  a  certain  number  of  hysterical  and  hypochondriac  sub- 
jects, as  well  as  persons  whose  nervous  system  has  been  ex- 
hausted by  too  intense  study  or  severe  suffering.  But  it  must 
be  recollected  that  a  sojourn  of  this  kind  cannot  be  extended 
beyond  a  few  weeks,  both  on  account  of  the  exciting  qualities 
of  the  rarefied  atmosphere,  and  the  coldness  of  the  temperature 
after  the  summer  months  have  elapsed. 
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CONCLUSIONS. 

Having  gone  over  the  whole  series  of  questions  which  monn- 
tain  climates,  considered  in  a  medical  point  of  view,  present 
to  our  notice,  it  only  remains  for  us,  before  concluding,  to  sum 
up  in  a  few  words  the  practical  consequences  which  flow  from 
them. 

We  have  seen  that  the  atmosphere  of  heights  exercises  a 
vivifying  influence  on  the  whole  economy,  which  facilitates 
sanguification,  renders  digestion  more  complete,  re-establishes 
the  strength,  and  restores  tranquillity  to  the  cerebro-spinal  ner- 
vous system. 

In  the  second  place,  we  have  determined  that  this  kind  of  cli- 
mate predisposes  to  inflammations,  hemorrhages,  and  asthma. 

On  reviewing  the  series  of  localities  most  favourable  to  in- 
valids, we  have  been  able  to  classify  them  according  to  their  me- 
teorological qualities  ;  observing  in  some  an  air  at  once  tonic 
and  sedative  ;  in  others,  a  climate  tonic  and  invigorating ;  in 
others,  finally,  an  atmosphere  essentially  tonic  and  very  excit- 
ing, which  consequently  is  adapted  to  a  very  small  number  of 
invalids,  and  during  a  period  comparatively  of  short  duration. 

Having  then  applied  the  results  of  experience  to  each  of  the 
localities  enumerated,  we  have  determined  the  curative  indica- 
tions applicable  to  each  of  them ;  so  that  we  have  had  it  in 
our  power,  notwithstanding  the  difficulty  of  the  subject,  and 
the  small  number  of  documents  relative  to  it  which  science 
possesses,  to  give  some  directions  for  making  the  most  judi- 
cious choice  both  with  respect  to  the  different  localities,  and  the 
different  morbid  affections  which  it  is  expedient  to  send  thither. 

May  these  researches,  imperfect  as  they  are,  contribute  to 
the  cure  or  alleviation  of  any  who  are  suffering,  and  we  shall 
add  with  the  poet, — 

"Hoc  erat  in  voiU." 

2f,B, — V^e  must  refer  the  reader  to  a  correction  of  some  inaecaracies  in  Dr 
Lombard's  paper,  as  given  in  a  letter  from  Dr  A.  Smith,  who  was  long  a  dis- 
tinguished medical  practitioner  in  Pera,  and  who  was  one  of  the  first  writers 
on  the  inflaence  of  elevation  on  diseases  in  the  Andes  of  Peru.  This  letter  ap- 
pears in  the  "  Extracts  from  Correspondence"  in  the  present  number  of  this 
Journal. — [JSdit,  JPhiL  Jour,} 
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The  Chemistry  of  the  Iron  Manufacture  of  Cleveland  Ki- 
trict — {continued).  By  William  Cbowber,  F.C.S.,Nc¥- 
ctstle-on-Tyne. 

First  Series. 

Experiment  No.  1,  at  No,  1  Furnace,  May  20,  1856. 

Table  showing  the  load  of  Hutton  stone,  h»maiite,  andlime- 
stome,  actually  at  work  at  the  time  the  specimens  were  tak«D. 

N,B.  In  all  these  experiments  the  quantity  of  coke  (30  cvt.) 
is  used  as  a  standard.  Any  variations  in  the  burden  being 
made  in  the  stone  and  flux,  but  the  quantity  of  coke  is  iilwajfs 
the  same. 


Standabd. 

Cwt.        qn. 

lb. 

Coke,    . 

80         0 

0 

Chabgb. 

Hutton  stone  calcined,    . 

/87        0 

0 

He&matite, 

2         2 

0 

Limestone, 

12         2 

0 

weights,  calculated  on  the  ton  of  iron  proc 

laced 

Cwt.       ^x%. 

IbB. 

Coke,    . 

38         1 

2 

Hutton  stone  calcined,   . 

47         0 

23 

Haematite, 

3         0 

21 

Limestone, 

15         3 

2 

Quality  of  the  iron  produced,  No.  1. 

Characters  of  the  iron. — Colour  dark  grey,fracture  open,  ex- 
hibiting confused  facets  of  graphite  over  the  entire  section  of 
the  pig ;  soft  under  the  chisel.  The  pig  exhibited  a  oonvexi^ 
at  the  edges ;  suitable  for  mixing  with  scrap  or  broken  cast- 
ings iw  foundry  purposes. 

Amt^  of  the  Iron  made  at  No.  1  Furnace,  May  20, 1.866. 

Quality,  No,  1, 
Besidue  insoluble  in  dilute  hydrochloric  acid  =s  6*48  per  cent. 
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Analtfiis  of  the  Inschihle  Matter. 

Silica^  3*66 

Alumina  and  trace  of  iron,  0*60 
Limo,  009 

Magnesia,  Oil 


Soluble  in  HydroMorie  Acid. 


Silieay 
liime, 
Magnesia, 
Protox.  manganese, 
Phosphoric  acid, 
SulphuTy  . 


0-20 
0-66 
trace. 
018 
127 
008 


The  same  after  calculating  q^  the 
Oxygen. 

Silicon, .    . 
Aluminium, 


Calcium,  . 
Magnesium, 
Graphite,  . 
Combined  carbon. 


Silicon, 

Calcium,    . 

Magnesium, 

Manganese, 

Phosphorus, 

Sulphur,   . 

Iron, 


Total  carbon  by  chro- 
mate  of  lead, 


1-71 

0-31 
006 

007 
1-86 

0-37 

009 
0-40 

trace. 
014 
056 
008 

9436 

10000 
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The  following  is  the  composition  of  the  iron  when  the  soluble 
and  insoluble  constituents  are  added  together : — 

1-80 


Aluminium, 

0  31 

Calcium, 

046 

Magnesium, 

007 

Manganese, 

014 

Phosphorus, 

056 

Sulphur, 

008 

Graphite, 

186 

Combined  carbon. 

037 

Iron, 

9485 

100  00 

Total  carbon  by  chromate  of  lead,       2*23 

The  characters  of  the  slags  were : — 

A,  9  AM, — Compact;  glassy  on  under  surface;  fracture  dull; 
slightly  honeycombed  on  the  upper  surface,  which  was  covered 
with  an  exceedingly  thin  but  distinct  layer  of  well-defined 

B,  12  N. — Crystalline  texture. 


»)f     T""* 


•3 


236 


W.  Crowder  on  the  Chemistry  of  the 


Cy  5  P.M. — ^Roughin.  A  mass  of  confused  crystals,  scat- 
tered through  which  may  here  and  there  he  detected  a  few 
clusters  of  cubical  or  short  prismatic  crystals. 

In  this  set  the  silica,  alumina,  and  several  constituents  were 
repeated. 

Afudym  of  Slags  from  No.  1  Iron,  May  20, 1836. 


A,  9  A.M. 

B,I3 

ROOH. 

€;8p.k. 

Sonrhin. 

Silica, 

I, 

II. 

L 

n. 

L 

n.    ; 

2900 

2965 

30-70 

30*65 

«  ■  • 

32HK) 

Protoxide  of  iron. 

0-58 

••• 

0-64 

■•• 

065 

Protoxide  of  manganese, 

2373 

22-95 

1  20  35 

20-76 

0-13 

}  22-30 

Aiamina,     . 

21-22 

Lime, 

36-18 

37-96 

34-78 

37-95* 

33-62 

33  93 

Magnesia,     . 

4-80 

4-26 

6-76 

6-75 

3-45 

3-00 

Potash, 

•  •  • 

•  •  • 

■  ■  • 

•  •  ■ 

0-48 

•  •• 

Soda, 

• .  • 

•  ■  ■ 

•  •  • 

•  ■  • 

0-29 

•  «  • 

Sulphuret  of  calciam, 

202 

202 

2-47 

•  ■  • 

2-58 

2'5S 

Phosphuret  of  calciam  1 
(CaP),      .        .        ] 

* 

Salpbar, 

1-67 

1-42 

1-57 

•  •  • 

2-34 

2  31' 

1 

97-88 

98*15 

97-26 

•  «  « 

■  •  • 

•  •  • 

0-90 

0-90 

110 

•  •  • 

1-16 

1-15 

Phosplioric  acid,   . 

2-20 

1-98 

220 

«  •  • 

3-26 

3-20 

Or  Pliosphorus,     .        « 

0-96 

0-87 

0-96 

*•  • 

1-43 

1-41, 

First  Series. 

Experiment  No.  2,  at  No.  1  Furnace. 

The  second  set  of  specimens  from  the  same  furnace  was 
collected  two  days  after,  when  on  No.  8  iron,  with  a  very  si- 
milar burden  of  stone  : — 


Standard, 
Coke, 

Charge. 
Hutton  stone  calcined, 
Heematite, 
Limestone, 


30 

37 

2 

12 


qrs. 

0 

0 
2 
2 


lb. 
0 

0 

0 
0 


These  weights,  calculated  on  the  ton  of  iron  produced^ 
give : — 


Cole, 

Hutton  stone  calcined| 

Hadmatite, 

Limestone, 


Cwt. 

38 

46 

3 

15 


qrs. 

0 
2 
1 
8 


lb. 

2 
19 

2 
10 


*  The  figures  37*95  for  lime  indicate  the  total  quantity,  as  well  as  that 
which  exists  as  sulphuret  and  phosphuret. 
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Quality  .of  the  iron  produced = No.  3. 

Characters  of  the  Iron. — Upper  part  of  the  pig  dark  grey, 
from  presence  of  graphite,  gradually  merging  towards  the 
lower  part  of  the  pig  into  a  paler  aspect,  in  consequence  of 
absence  of  graphite ;  convex  at  the  edges  of  the  pigs  ;  suitable 
by  itself  for  foundry  purposes.  Transverse  strength  of  a  bar 
3  feet  between  the  bearings,  1  inch  x  1  inch  sectional  area, 
upwards  of  730  lbs. 

Analysis  of  the  Iron  made  at  No.  1  Furnace^  May  22,  1856. 

Quality,  No.  3. 
Residue  insoluble  in  dilute  hydrochloric  acid  =s  5-28  per  cent. 


Analysis  of  the  Insoluble  Matter. 


The  same  after  calculating  off  Oxygen. 


Silica,  . 

308 

Silicon, 

1-48 

Alumina  and  trace  of  iron 

0-62 

Aluminium, 

0-27 

Xiime,  . 

020 

Calcium, 

0-14 

Magnesia, 

016 

Magnesium^ 

0-10 

Soluble  in  Hydrochloric 

Acid. 

Qraphite, 
Combined  carbon, 

110 
1-15 

Silica,  . 

0-24 

Silicon, 

012 

Lime,  . 

0-68 

Calcium, 

0-41 

Magnesia, 

028 

Magnesium^ 

017 

Protoxide  of  manganese, 
Phosphoric  acid, 
Sulphur, 

Oil 

177 
0*09 

Manganese, 
Phosphorus, 
Sulphur, 
Iron^    • 

009 

0-78 

009 

.     94-10 

10000 
Total  carbon  bj  chromate  of  lead,      2*25 

Subjoined  is  the  composition  of  the  iron  when  the  soluble 
and  insoluble  constituents  are  added  together  : — 
Silicon,        .  .  1-60 


Aluminium, 

0-27 

Calcium, 

0-56 

Magnesium , 

0-27 

Manganese, 

009 

Phosphorus, 

078 

Sulphur, 

009 

Graphite,     . 

110 

Combined  carbon. 

116 

Iron, 

9410 

10000 

Total  carbon  by  chromate  of  lead,      2-25 
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The  following  were  the  characters  of  the  slags : — 

A,  9  A.M. — Grey  compact  slag,  with  few  traces  of  crjslalli- 
sation,  except  on  the  upper  surfacey  where  it  is  sli^tlj 
developed. 

By  12  K. — ^The  same  as  (A),  but  rather  lighter  in  colour. 

Cy  5  P.M. — (Boughin)  crystalline  texture. 

Analysis  of  Slags  from  No.  3  Iran,  May  22, 1856. 

A,  0  A.K.     B,  12  NOON.     C,  6  PJI. 

Silica,  3000         3100         3150 


Protoxide  of  iron,    . 

038 

0-57 

064 

Protoxide  of  manganese, 

024 

•  •  • 

&14 

Alumina^    . 

24  78 

2687 

2361 

Lime, 

3811 

3662 

3447 

Magnesia, 

220 

2-60 

395 

Potash, 

• «  » 

•    •    • 

131 

Soda, 

•  •  • 

•  •   • 

0-64 

Sulphuret  of  calcium, 

146 

213 

1-68 

Phosphuretof  calcium  (Cap),  0  92 

0-42 

117 

9809 

9811 

9901 

Sulphur, 

066 

095 

075 

Phosphoric  acid. 

1-28 

060 

1-65 

Or,  Phosphorus, 

0-56 

026 

0-72 

First  Series. 

Experiment  No,  3,  at  No,  2  Furnace. 
The  burden  of  the  furnace  was  as  follows : — 

STANDAftD. 

C3oke, 

Chasoi. 
Hutton  stone  calcined, 
Hflematite, 
Limestone.     . 


Coke, 

Hutton  stone  calcined, 

Heematite, 

Limestone, 

Quality  of  the  iron  produced = No.  5. 

Charcictere  of  the  /roii«-*The  bright  graphite  was  observed 


Cwt.       qn. 

lb. 

30      .  0 

0 

47         0 

0 

3         2 

0 

14         0 

0 

ofironprth 

iitco 

Cwt^       qn. 

lb. 

32          1 

17 

60        2 

8 

3        0 

7 

16        0 

19 
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to  be  entirely  absent,  and  replaced  by  dull  grey  points  on  a 
pale  ground,  very  aptly  described  by  the  term  "  mottled  iron." 
Used  for  the  manufacture  of  wrought  iron. 

AfUdffsis  of  the  Iron  made  ai  No,  2  Furnace,  May  27, 1856. 

Quality^  No.  6. 
Residue  insoluble  in  dilute  hydrochloric  acid=304. 


Anaitfsis  of  the  InsoluhU  Matter. 

Silica,  .         .       1-48 

Alumina  and  trace  of  iron,  044 
Lime,  020 

Magnesia,    .  .007 

Soluble  in  HydroeUoric  Add. 

Silica,  0-20 

Lime,  .0  34 

Magnesia,  trace. 

Protoxide  of  manganese,      0  70 
Phosphoric  acid,  3*30 

Sulphur,      .  G16 


The  same  after  calculating  off  Oxygen. 

Silicon, 
Aluminium, 
Calcium, 
Magnesium, 
Graphite,    . 
Combined  carbon, 


Silicon, 

Calcium, 

Magnesium, 

Manganese, 

Phosphorus, 

Sulphur, 

Iron. 


071 
a23 
014 
004 
074 
1-83 

010 
0-24 

trace. 
0-60 
1.44 
016 

9379 

10000 


Total  carbon  by  chro- 
mate  of  lead. 
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The  follorvring  is  the  composition  of  the  iron  when  the  80^ 
luble  and  insoluble  constituents  are  added  together : — 


Silicon, 
Aluminium, 
Calcium,     . 
Magnesium, 
Manganese, 
Phosphorus, 
Sulphur,    . 
Graphite,   . 
Combined  carbon. 
Iron, 


081 
023 
0-38 
004 
0-60 
1*44 
016 
0-74 
183 

9377 

^-^^— ^-^"^ 

10000 


Total  carbon  by  chromate  of  lead,    2*57 
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The  folIowiDg  were  the  characters  of  the  slags  which  in 
this  case  were  taken  respectively  at  9  A.M.y  12  n.,  3  p.m.» 
and  5  p.m.,  besides  which  a  sample  of  the  Roughin  was  also 
collected : — 

A,  9  A.M. — Slightly  crystalline,  glassy  on  the  under  sur- 
face. 

B,  12  N. — Blue  colour,  more  crystalline  than  (A). 

G,  3  P.M. — Slightly  crystalline,  glassy  under  surface,  like 
(A). 

D,  5  P.M. — Compact,  stony  fracture,  glassy  under  surface, 
slightly  crystalline  on  the  upper  side. 

E,  Roughin. — ^Dark  grey,  almost  back,  a  mass  of  confused 
crystallization. 

Analysis  of  Slags  from  No.  5  Iron,  at  No,  2  Furnace,  May  27»  1856. 


Silica, 

A,  ))A.]L 

B.1SX. 

C  8  P.M. 

D,  6  P.M. 

1 
E,  BoQgiua 

30-90 

32-76 

31-90 

3200 

33*56 

Protoxide  of  iron,     . 

0-64 

115 

0-80 

0-38 

0-46 

Protoxide  of  manganese, 

1  24*26 

22  51 

24-'42 

1  trace 
J  22  35 

j  20-'46 

Alumina, 

Lime, 

32-84 

34-98 

84-47 

32-76 

32-52 

Magnesia,     . 

296 

2-49 

4-30 

6-46 

6-52 

Potash, 

•  •  • 

•  •  « 

a  ■• 

0-95 

•  •  • 

Soda, 

•  •  * 

•  •  • 

m  •  • 

0-43 

•  ■  • 

Sulphuret  of  calciam. 

2-88 

2-47 

2-70 

301 

2-88 

Phosphuret  of  calciam  (Ca  P), 
Salphar, 

2-32 

2-42 

0-77 

1-37 

1-47 

1 

96-79 

98-77 

99-36 

98-71 

97-85 

1-28 

1-10 

1-20 

1-34 

1-28 

Phosphoric  acid. 

3-23 

8-36 

1*08 

1*92 

S04 

Or,  Phosphorus, 

1-42 

1-48 

0-47 

0-84 

0-90 

First  Series. 

Experiment  No,  4,  at  No,  2  Furnace, 

This  set  of  specimens,  from  the  same  furnace  as  before,  was 
collected  two  days  after,  when  the  furnace  was  on  strongly 
mottled  iron,  with  a  very  similar  burden  to  the  preceding. 


Stamdabd. 

Coke, 

Chargb. 
Hutton  stone  calcined, 
Hesmatite, 
Limestone,     . 


Cwt, 
30 

47 

3 

14 


qrs. 
0 

0 
0 

0 


lb. 

0 

0 
0 
0 
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These  weights,  calcal^kted  on  the  ton  of  iron  produced,  gave — 


Cwtg. 

qrs. 

lbs. 

Coke, 

32 

0 

16 

Hutton  stone, 

50 

1 

12 

Hsematite, 

3 

0 

24 

Limestone,     . 

16 

0 

0 

Qaality  of  iron  produced = strongly  mottled. 

Characters  of  the  Iron, — The  characters  previously  de- 
scribed for  mottled  iron  are  more  strongly  developed,  in  the 
greater  distinction  between  the  dark  points  and  the  white 
background,  showing  an  approach  to  their  total  absence,  as 
in  white  or  silvery  iron  ;  used  in  the  manufacture  of  wrought 


iron. 


Analysis  of  (he  Iron  made  at  No.  2  Furnace^  May  29, 1856. 

Quality  strongly  mottled. 
Residue  insoluble  in  dilute  hydrochloric  acid =3*72. 


Analysis  of  the  Insoluble  Residue. 


The  same  after  calculating  off  Oxygen, 


Silica, 

1-84 

Silicon, 

^                  • 

088 

Alumina  and  trace  of  iron,   0*44 

Aluminium, 

•                  • 

0-23 

Lime, 

0-31 

Calcium,    . 

•                  • 

0-22 

Magnesia, . 

014 

Magnesium, 

■                  • 

008 

<7raphite,  . 

•                  • 

0-86 

Combined  carbon. 

1-83 

Soluble  in  Eydrochloric 

Acid. 

Silica, 

012 

Silicon, 

006 

Lime, 

0-43 

Calcium,    . 

0-31 

Magnesia, 

trace. 

Magnesium, 

trace. 

Protoxide  of  manganese. 

1-51 

Manganese, 

118 

Phosphoric  add, 

3-61 

Phosphorus, 

1-58 

Sulphur,  , 

019 

Sulphur,    . 

019 

Iron, 
Total  carbon 

by  chro- 

92-68 

10000 

mate  of  lead, 

2-79 

The  following  is  the  composition  of  the  iron  when  the  soluble 
and  insoluble  'constituents  are  added  together  : — 
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Siliooiiy 

0.94 

Alaminianiy 

023 

Calcium, 

063 

Magnesium, 

008 

Manganese, 

1  18 

Phosphorus, 

168 

Sulphur, 

019 

Graphite, 

086 

Combined  carbon. 

1-83 

Iron^     .             .             .             . 

92-68 

10000 

Total  carbon  by  chromate  of  lead,       279 
The  slags  in  this  case  were  taken  at  9  a.m.,  11  a.m.,  2  p.m., 
3  P.M.,  and  5  p.m.  ;  and  the  roughin  not  being  all  alike  in 
colour,  two  specimens  were  selected  for  examination. 

A,  9  A.M. — ^Very  slightly  crystalline;  light  grey  colour; 
glassy  under  surface ;  slightly  crystalline  on  top. 

B,  11  A.M. — More  crystalline  than  A;  filled  with  large 
cavities  containing  crystals ;  glassy  under  surface. 

C,  2  P.M. — ^Very  crystalline ;   exceedingly  glassy  on  the 
under  surface,  and  also  in  streaks  throughout  the  mass. 

D,  3  P.M. — Same  as  C. 

E,  5  p.M — Same  as  C  and  D,  but  less  glassy. 

F,  Boughin. — Quite  white,  only  slightly  crystalline  as  com- 
pared with  the  preceding. 

6,  Eoughin. — Black  slag,  almost  devoid  of  crystalline  tex- 
ture.   Honeycombed  on  the  upper  surface. 

Andyu  of  Slags  from  Strongly  MotUed  Iron^  at  No,  2  Furnace^ 

May  29,  1856. 


A, 

B. 

c. 

D, 

E. 

F, 

o. 

8  A.M. 

11  ▲.X. 

33-4A 

9  r.x. 

Sp.il 

6P.X. 

Rongfain 

Boncbim. 

Silica, 

33-40 

3406 

33  20 

32-76 

36-36 

36-85 

Protoxide  of  iroD, 

0-70 

107 

0-96 

1-21 

1-00 

1-60 

1-08 

Protoxideof  manganeM  | 
Alumina,  •         .        •     , 

•  •  * 

... 

•  •  • 

0-62 

•  •  ■ 

•  •  B 

24-42  f 

24-21 

26-80 

26-85 

20-80 

26-48 

27-86 

Lime,         • 

33-91 

34-01 

35-40 

32-41 

3311 

27-97 

31-29 

Magnesia,  • 

4*54 

1-60 

1-85 

7-34 

3-60 

6-33 

3-28 

Potash,      . 

V23 

•  ■  » 

... 

•  •  • 

■  •  • 

•  •  • 

•  »  » 

Soda, 

0-66 

... 

... 

•  ■  • 

•  •  • 

•  »  • 

•  •  • 

Snlphuret  of  caleivm, 

3-10 

2-88 

2-43 

2-79 

263 

3-42 

270 

Photphoret  of  calcium,  \ 
(CaP.)       .        .   / 

Salphur,    • 

0-17 

014 

0-68 

0-21 

0-14 

0-20 

0-40 

101*82 

99-85 

101-12 

98-68 

99-61 

101-73 

100-02 

1-38 

1-28 

1-08 

1*24 

117 

1-62 

1-20 

Phofphorio  acid, 

0*26 

0-22 

0-83 

0-29 

0-22 

0-28 

0-67 

Or  Phosphorus, 

Oil 

009 

0-36 

0-13 

0-09 

012 

0-26 
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Annexed  are  the  preceding  results  tabulated  for  comparison. 

FiBST  Series. 


No.  I. 

No.  3. 

No.  6| . 
or  Mottled. 

Strongly 
Motded. 

Silicon, 

1-80 

1-60 

0-81 

0-94 

Aluminium, 

0-31 

0-27 

0-23 

0-23 

Calcium,   . 

0-46 

0-56 

0-38 

0-63 

Magnesium » 
Manganese, 
Phosphorus, 
Sulphur,  . 

007 
014 
0-66 
008 

0-27 
009 
0-78 
009 

004 
060 
1-44 
016 

008 
118 
1-58 
019 

Graphite,  . 
Gombbed  carbon, 

1-86 
0-37 

110 
116 

0-74 
1-83 

086 
1-83 

Iron, 

94-35 

9410 

9377 

92-58 

10000 

10000 

10000 

10000 

Total  carbon,     . 

223 

225 

2-57 

279 

Secoitd  Series. 

Experiment  No.  1,  (U  No.  1  Furnace, 

Standard. 
Coke, 

• 

• 

Cwt. 

30 

qrs.        lb. 
0           0 

Crarob. 

Hutton  stone. 

V 

35 

0           0 

Haematite, 

• 

2 

2           0 

Limestone,     . 

• 

12 

1           0 

These  weights, calculated  on  the  ton  of  iron  produced,  gaye— 

Coke, 

• 

Owt. 
42 

qrs.      Ibf. 
3           8 

Hutton  stone, 

• 

48 

1           6 

Hesmatite, 

« 

3 

2         8 

Limestone, 

• 

16 

3         2 

Quality  of  iron  produced.  No.  2. 

The  characters  of  this  iron  may  be  stated  to  be  intermediate 
between  the  already  described  No.  I  and  No.  3  qualities. 


Andym  of  the  Iron  made  at  No.  1  Furnace,  August  1856. 

QtiaZify,  No.  2. 

Residue  insoluble  in  dilute  hydrochloric  acid = 3*60. 

q2 
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Analyii$  of  the  Intduble  Residue. 
SUica,  100 

Alumina  and  trace  of  iron,  200 
Lime,  .         0  22 

Magnesia, .  012 


Soluble  in  Hydrochloric  Acid. 

Silica,        .  4-52 

Lime,        >  027 

Magnesia, .  019 
Protoxide  of  manganesev       1.93 

Phosplioric  acid,  3-49 

Sulphnr,    .         ^         .  trace. 


The  SMU^  after  ealeukUinp  <^Oxfgeik, 

Silicon, 

Alnmininm, 

Calcium,   . 

Magnesium, 

Graphite,  . 

Combined  carbon 


Silicon, 

Calcium,   . 

Magnesium, 

Manganese, 

Phosphorus, 

Sulphur, 

Iron, 


Total  carbon  bj  chro- 
mate  of  lead. 


051 
106 
0^15 
007 
2-61 
none. 

217 
019 
Oil 
1-60 
1-53 
trace. 

9a  10 

100*00 


2-61 


When  tlie  soluble  and  insoluble  constituents  are  added  to- 
gether the  composition  of  this  iron  ii 


Silicon,  > 

Aluminium,       % 
Calcium,  % 

Magnesium,       v 
Manganese^ 
Phosphorus, 
Sulphur,  ^ 

Graphite, 
Combined  carbon 
Iron,     . 


2-68 
106 
0-34 
018 
1-60 
1-53 

trace. 
2-61 

none. 

9010 

10000 


Total  carbon  by  chromate  of  lead,       2*61 

The  following  are  the  characters  of  the  slags  which  were 
taken  at  9, 12,  3,  and  5  o'clock : — 

9  A.M. — ^White,  compact,  and  very  slightly  crystatline, 
w%iho\jiX  glassy  appearance. 

12  N. — ^Do.,  honeycombed  on  the  surface. 

3  P.M. — ^Do.,  do.,  do. 

5  p.M  — ^Do.,  witiiotit  hoaciycomV 
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Atialjfds  of  ike  Slags  from  No.  2  Iron^  at  No.  I  Furnace^ 

August  2S,  1856. 


A, 

B, 

c, 

D, 

9  A.M. 

12  N. 

8  P.H. 

5  P.M. 

Silica,     • 

29-80 

30-10 

30-55 

31-40 

Protoxide  of  iron,     . 

0-38 

0-26 

0-32 

0*38 

Protoxide  of  manganese, 

•  •  • 

•   «    « 

a  «  • 

0-35 

Alumina, 

27-86 

27-02 

27-01 

26-09 

Xiime,      •         •         • 

36-90 

35-97 

35  87 

33-40 
By  loss. 

Magnesia, 

0-88 

8-00 

2-37 

317 

Potash,  . 

« •  • 

1-20 

•  •  • 

• 
•  •  • 

Soda, 

•  •  • 

0-80 

•  •  • 

•  •  • 

Sulphuret  of  calcium. 

3-71 

3-71 

3-48 

3-93 

Phosphuret  of  calcium. 

0-36 

99  89 

1-66 

0-21 

0-34 

99^94 

1-65 

1-28 

102-27 

100-00 

Sulphur, 

1-65 

1-75 

Phosphoric  acid. 

0-61 

0-29 

0-32 

0-50 

Or  Phosphorus,        « 

0-22 

0-13 

0-21 

0-72 

In  the  above  analyses  the  sulphuric  acid  was  determined 
for  the  sake  of  ascertaining  whether  the  omission  of  this  in- 
gredient was  likely  to  influence  the  analysis  by  omitting  it  in 
general.    The  following  were  the  results : — 

9  A.M.  12  N.  8  P.M.  6  P.M. 

Sulphuric  acid,  =       0-35  0^20  0-30         0*15 

These  quantities  being  so  small,  it  was  considered  that  the 
determination  might  safely  be  omitted,  because,  when  the 
proneness  of  sulphuret  of  calcium  to  pass  by  oxidation  into 
sulphate  of  lime  is  taken  into  account,  there  is  little  doubt 
that  the  sulphuric  acid  must  have  been  formed  after  the  slag 
had  run  from  the  furnace. 

Second  Series. 

Experiment  No,  2,  at  No.  2  Furnace. 


Standard. 

Cwt. 

qn. 

lbs. 

Coke 

30 

0 

0 

Charge. 

Button  stone, 

50 

0 

0 

Heamatite, 

2 

0 

0 

Limestone,     . 

15 

2 

0 
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These  weights,  calculated  on  the  ton  of  iron  produced,  gave^ 

Owt.         qra.      Iba. 

Coke,  .             31  2  12 

Hutton  stone,  61  2  9 

Hfematite,      .  2  0  12 

Limestone,     •  16  0  7 

The  iron  produced  was  strongly  mottled,  and  aimiiar  to  th&t 
of  the  first  series . 

In  another  experiment,  which  was  carried  on  day  andmgU^ 
between  the  31st  of  August  and  8th  of  September,  the  yield  of 
iron,  as  sden  in  the  subjoined  return,  was  almost  the  same  as 
the  above.  ... 

Raum  of  ihe  total  quantity  of  fnaterial  introduced  mto  No.  2  Fwrmue, 


Hutton  stone. 
Limestone,     . 
HeBmatite, 
Coke, 

Tons. 
637 
197 
26 
378 

cwt. 

9 
8 

4 
0 

qn. 
0 
1 
0 
0 

1238 
Peoduob, 
Slag,                                          427 
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1 

6 

0 

1 

0 
0 

Analysis  of  the  Iron  made  at  No.  2  Furnace^  August  28, 1866. 

Quality  strongly  mottled. 
Besidue  insoluble  in  dilute  hydrochloric  acid,  4*24. 


Analysis  of  the  Insoluble  Residue. 
Silica,       .         .  0-44 

Alumina  and  trace  of  iron,  0*48 
Lime,  ,         .         0*20 

Magnesia,  0  07 

Soluble  in  HydroMoric  Acid. 

Silica,       .         .         .  0-62 

Lime,        .         .         .  0'62 

Magnesia,  0*38 

Protoxide  of  manganese,  2*22 

Phosphoric  acid,  3*94 

Sulphur,  .  0-23 


The  same  after  eakulatingoffOsyge^ 

Silicon,    .         .         .  0-22 

Aluminium,      .         .  0*25 

Calcium,            .         .  014 

Magnesium,      .  0*04 

Graphite,          .         .  1*51 

Combined  carbon,      .  141 

Silicon,    .         .         .  0*26 

Calcium,           .         .  036 

Magnesium,      .  0'2d 

Manganese,  1.72 

Phosphorus,      .         .  1*74 

Sulphur,            .         .  0-23 

Iron,        .          .         .  91-90 

100*00 
Total  carbon,  by  chro- 

mate  of  lead  2-92 
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•   The  following  is  the  composition  of  the  iron  when  ^e  soluble 
and  insoluble  matters  are  added  together : — 

SiUcon,  .  .  .  0-47 


Aluminium, 

Calcium, 

Magnesium, 

Manganese, 

Phosphorus, 

Sulphur, 

Graphite, 

Combined  carbon, 

Iron,      . 


026 
0-60 

0-27 
1-72 
1-74 
0-23 
1-61 
1-41 
91*90 

100-00 
2*92 


Total  carbon,  by  chromate  of  lead, 

The  characters  of  the  slags  which  were  taken  at  9, 12,  3, 
and  6  o'clock,  were  : — 

9  A.M.-7-Light  grey,  very  slightly  crystalline,  slightly  honey- 
combed. 

12  N. — Strongly  honeycombed. 

3  P.M. — Slightly  crystalline,  very  slightly  honeycombed. 

5  P.M. — Dark  grey  colour,  very  slightly  crystalline,  honey- 
combed. 


Analysis  of  Slags  from  Strongly  Mottled  Iron^  at  No.  2  Fumaes^ 

August  28, 1856. 

A, 

B, 

C, 

», 

9  a.m. 

12  N. 

3  P.K. 

6  P.M. 

Silica, 

31-26 

3M6 

3160 

3300 

Protoxide  of  iron, 

0-45 

0-64 

0-64 

Protoxide  of  manganese. 

.  0-97 

017 

111 

•  23-00 

Alumina, 

24-58 

24-35 

20-89 

Lime, 

3645 

36  08 

3493 

3340 

Magnesia, 

319 

5-22 

6-60 

710 

Potash,     . 

0-71 

•  •  • 

... 

•  •  • 

Soda, 

022 

... 

•  1  • 

•  •• 

Sulphuret  of  caldum, 

3-02 

303 

317 

306 

Phosphuret  of  calcium, 

020 

029 

026 

99-12 

141 

036 

9992 

1-36 

101-04 

100-98 

Sulphur,  . 

134 

1-36 

Phosphoric  acid. 

023 

0-40 

038 

0-51 

Or  Phosphorus, 

013 

018 

017 

022 
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The  above  31-25  per  cent,  silica  in  (A)  9  a.m.,  after  ircigh- 
ing,  was  fused  with  carbonate  of  soda  and  potash,  in  order 
to  ascertain  whether  the  slags  are  completely  decomposed  b; 
digestion  in  acid,  and  the  quantity  of  silica  obtained  vas 
3115,  being  a  difference  of  010,  which  is  clearly  no  more 
than  the  loss  which  may  be  expected  in  repeating  the  analysis. 

Second  Series. 

Exptrimmt  No.  3,  at  No,  3  Furnace. 
Standard.  Cwt.        qra.        Iba. 

Coke,  .  30         0         0 

CHA£0£. 

Button  stone,  .  35         0         0 

HaBmatite,      .  3         0         0 

Limestone,     .  12         0         0 

These  weights,  calculated  on  the  ton  of  iron  produced,  gave— 

Cwt.        qrs.       lbs. 

(Joke,  .             41  3  19 

Hutton  stone,  47  2  0 

Haematite,      .  4  0  21 

Limestone,  16  I  19 

Quality  of  the  iron  produced  =  No.  1. 

Characters  of  the  Iron, — Similar  to  the  No.  1  in  first  series^ 
In  this,  as  in  the  preceding  experiment,  a  quantitative  deter- 
mination of  the  weight  of  slag  and  iron  was  also  made,  bat 
with  this  difference,  that  in  the  present  case  the  weights  were 
only  taken  12  hours  a  day,  between  5  a.m.  and  5  P.M.,  from 
August  21  to  August  30  ;  this  includes  stoppages. 

Return  of  the  quantity  of  material  introduced  into  No.  3  Furnace  a'nd 

produce  of  Slag  and  Iron. 

N3.  The  experiment  was  only  carried  on  12  hours  per  day- 
Tons,      cwt.      qrs. 
Hutton  stone,  228         8         0 

£[sBmatite,      .  20         2         0 

Limestone,  78       17         0 

Coke,  .  .  201         0         0 


Total  material  introduced,  528  7  0 

Produce. 

Slag,  169  3  0 

Metallic  iron,  96  14  0 
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Analysis  of  the  Iron  made  at  No.  3  Furnace,  August  28, 

Quality t  No,  1. 
Residue  insoluble  in  dilute  hydrochloric  acid  =  3' 


Analysis  of  the  Insoluble  Residue. 

Saica,  0-64 

Alumina  and  trace  of  iron,  0*72 
Lime,  .         017 

Magnesia,  0*12 


Soluble  in  Hydrochloric  Acid. 

Silica,                 .         .  0  64 

Lime,         .         .  0*34 

Magnesia,           .  019 

Protoxide  of  manganese,  1  *  1 2 

Phosphoric  acid,  3' 57 

Sulphur,    .  004 


The  same  after  calculativg 

Silicon, 
Aluminium, 
Calcium,    . 
Magnesium, 
Graphite, 
Combined  carbon. 


Silicon, 

Calcium,    . 

Magnesium, 

Manganese, 

Phosphorus, 

Sulphur,    . 

Iron, 


1856. 

12. 

off  Oxygen^ 

029 

0-38 
012 

007 
1-41 
109 

031 

0-24 
Oil 

0-87 

1-56 

004 

9351 

10000 


Total  carbon  by  chro- 
mate  of  lead. 
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The  following  is  the  composition  of  the  iron  when  the  solu- 
ble and  insoluble  constituents  aro  added  together : — 

060 


Aluminium, 

0-38 

Calcium, 

036 

Magnesium, 

018 

Manganese, 

0-87 

Phosphorus, 

1-56 

Sulphur, 

004 

Graphite, 

1-41 

Combined  carbon, 

109 

Iron,     . 

9351 

10000 

Total  carbon  by  chromate  of  lead,        2-50 

The  following  are  the  characters  of  the  slags  which  were 
taken  at  9, 1 2,  3,  and  5  o'clock  : — 

9  A.M. — White  slag,  dull  fracture,  slightly  honeycombed. 
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12  N. — ^Very  white,  slight  crystalline  fracture,  slight  honey- 
combed. 
3  P.M. — ^Do.  do.  do. 
6  P.M. — Do.  do.  do. 


Analyiis  of  the 

Slags  from  No.  1  Iran^  at  No.  3  Furnace^ 

August  28, 

1856. 

» 

A. 

B. 

c. 

D, 

9  a.m. 

12  N. 

3  P.M. 

fiP.K. 

Silica, 

2935 

32-95 

3095 

32-75 

Protoxide  of  iron, 

018 

0-31 

018 

0-20 

Protoxide  of  manganese,      0-30 

040 

025 

0-20 

Alumina,     . 

21-46 

2107 

2390 

21-26 

Lime, 

37-21 

33  85 

35-32 

3392 

Magnesia,     . 

620 

6-79 

321 

5-96 

Potash, 

075 

•  •  • 

0-58 

■■• 

Soda, 

0-48 

•  •  • 

041 

••  • 

Sulphuret  of  calcium,          3*93 

360 

384 

376 

Phosphuret  of  calcium  1    ^  ^o 
(CP).    .            .     ]   ^^ 

072 

068 

0-92 

100-54 

9969 

9932 

98-97 

Sulphur, 

1-75 

1-60 

1-71 

1-67 

Phosphoric  acid, 

0-96 

1-00 

0-96 

1-28 

Or  Phosphorus, 

042 

0-44 

0-42 

0-66 

Annexed  are  the  preceding  results  tabulated  for  compsn- 
son : — 

Second  Series. 


Ko.  1  Iron. 

No.  2  Iron. 

Mottled  Iron. 

Silicon, 

060 

268 

0-47 

Aluminium, 

0-38 

106 

0-25 

Calcium, 

0-36 

034 

050 

Magnesium, 

018 

018 

027 

Manganese, 

087 

1-60 

1-72 

Phosphorus, 

156 

153 

1-74 

Sulphur, 

004 

trace 

023 

Graphite 

1-41 

2-61 

1-51 

Combined  carbon. 

109 

... 

1-41 

Iron,     • 

9351 

90-10 

91-90 

100-00 

10000 

100-00 

Total  carbon, 

250 

2-61 

2-92 
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An  apparent  anomaly  is  here  observed  in  the  production  of 
No.  1  iron  at  No.  3  furnace,  with  a  less  consumption  of  coke 
than  in  the  production  of  No.  2  iron  at  No.  1  furnace.  This 
is  one  of  those  daily  fluctuations  to  which  furnaces  are  liable, 
from  variations  in  quality  of  material  and  other  circumstances. 


Third  Series. 

The  following  series  of  slags  and  iron  were  from  Messrs 
Bell. Brothers,  Clarence  Iron  Works,  Middlesboro' : — 

The  burden  of  the  furnace,  &c.  is  not  furnished  in  this  in- 
stance, the  object  being  rather  to  compare  the  results  with  those 
obtained  at  Messrs  Cochrane  and  Company*s,  and  also  to  as- 
sist in  establishing  a  law  which  appears  to  occur  in  all  cases 
in  the  gradual  change  of  composition  in  the  slags  from  9  a.m. 
to  5  P.M.  I  shall  have  occasion  to  refer  to  this  more  parti- 
cularly presently. 

The  slags  in  this  instance  were  all  fused,  previously  to 
treatment  with  acid,  as  some  difficulty  was  experienced  in  mak- 
ing the  silica  filter  rapidly  when  the  decomposition  was  efiPected 
by  hydrochloric  acid.  Otherwise  the  fusion  with  carbonate  of 
soda  was  quite  unnecessary,  the  effect  being  produced  equally 
well  with  acid. 

With  this  exception,  their  analysis  was  conducted  as  in  the 
two  preceding  series  of  Messrs  Cochrane  and  Company. 

The  slags  were  collected  by  my  friend  Mr  Pattinson,  the 
chemist  to  Messrs  Bell  Brothers,  as  well  as  the  specimens  of 
the  iron  which  accompanied  them. 

Instead  of  collecting  them  at  intervals  of  two  or  three  hours, 
the  slags  were  in  this  case  collected  every  hour  from  9  A.M. 
to  5  P.M.,  consequently  there  are  in  all  nine  specimens.  It 
was  not  deemed  necessary  to  make  complete  analyses  of  every 
one  of  these ;  I  contented  myself  with  an  examination  of  three, 
and  the  silica  alone  was  determined  in  the  remainder. 

The  following  were  the  external  characters  : — ^AU  white  ; 
the  earlier  ones  having  a  dull  fracture,  increasing  slightly  in 
crystalline  texture  up  till  five  o'clock ;  four  and  five  o'clock,  were 
slightly  honeycombed. 
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Analyiis  of  Messrs  BeU  Brothers*  Slags  from  Foundry  Inn, 


Silica, 
Protoxide  of  iron. 

No.  1. 

9  A.M. 

27-66 
0-72 

No.  2. 

1  P.M. 

28  20 
0-94 

Bo.  3. 

5PJL 

2900 
085 

Protoxide  of  manganese, 
Alumina, 

0-36 
24  69 

015 
23  45 

trace. 
23-40 

Lime, 

37-39 

36  40 

36-38 

Magnesia, 
Potash, 

3-66 
046 

355 

•  •  • 

2-80 

... 

Soda, 

Sulphuret  of  calcium, 

Phosphuret  of  calcium. 

0-99 
439 
0-43 

• .  • 
484 
093 

•  •  • 
4-61 
118 

10062 

9846 

9822 

Sulphur, 
Phosphoric  add. 
Or  Phosphorus, 

196 
060 
026 

215 
1-30 
0-57 

205 
1-65 
072 

The  following  are  the  determinations  of  silica  in  the  interme- 
diate hours  ;  the  above  are  also  inserted  for  the  connection:-^ 


9  A.IC.        10  A.M.       11  A.M. 

SUica,     27-66     2776    28-60 


12  ir.       1p.m.      Sp.k.      8  p.m.       4p.il      ^'jj- 
29-00    28-20     27-00    27-60    27-00    29iw 


Subjoined  are  the  analyses  of  the  specimens  of  iron  taken 
on  the  same  day  from  the  same  furnace  : — 

Afkilysis  of  Messrs  BeU  Brother^  Iron, 

Quality y  No.  1. 

Residue  insoluble  in  dilute  hydrochloric  acid =4*40. 

Analysis  of  the  Insoluble  Residue.  \  The  same  cfter  calculating  ofOsif^^ 
Silica,        .         .         .         1-88  i  Silicon, 
Aluminai  .  0*52   Aluminium,^ 

Lime,         .         .         .         031 
Magnesia,  .         016 


Soluble  in  Hydrochloric  Acid, 

Silica,                 .         .  0-72 

Lime,         .         .         .  130 

Magnesia,           .  0*27 

Protoxide  of  manganese,  0*  59 

Phosphoric  acid,         »  3*68 

Sulphur,   .         .         .  traces. 


Calcium^ 
Magnesium, 
Graphite, 
Combined  carbon, 

Silicon, 

Calcium,    « 

Magnesium, 

Manganese,, 

Phosphorus, 

Sulphur, 

Iron, 


Total  carbon  by  chro- 
mate  of  lead. 
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Iron  Manufacture  of  Cleveland  District.  253 

The  following  is  the  composition  of  the  iron  when  the 
soluble  and  insoluble  constituents  are  added  together  : — 


Silicon, 

1-24 

Aluminium, 

0-28 

Calcium, 

115 

Magnesium, 

0-26 

Manganese, 

046 

Phosphorus, 

162 

Sulphur,     . 

trace. 

Graphite,  • 

1-40 

Combined  carbon,  . 

0-56 

Iron, 

9303 

100  00 
Total  carbon  by  chromate  of  lead,        1*96 


Analysis  of  Messn  BeU  Brothers^  Iran. 

Quality,  No.  3. 

Residue  insoluble  in  hydrochloric  acid  =  5*20. 


Analysis  of  Ihe  Insoluble  Residue, 

Silica,       ,  .         .  3-44 

Alumina,  .  .         .  0*68 

Lime,        .  .  0*27 

Magnesia,  013 

Soluble  in  Hydroehloric  Add. 

Silica,  0-32 

Lime,         .  104 

Magnesia,  0*27 

Protoxide  of  manganese,  104 

Phosphoric  add,  352 

Sulphur,    .  0-04 


The  same  afler  calculating  off  Oxygen. 

Silicon, 

Aluminium, 

Calcium, 

Magnesium, 

Graphite, 

Combined  carbon. 


Silicon, 

Calcium,    . 

Magnesium, 

Manganese, 

Phosphorus, 

Sulphur,    . 

Iron, 


Total  carbon  by  chro- 
mate of  lead. 


1-66 
036 
019 
008 
0-68 
1-24 

015 
0-74 
016 
0-81 
1-55 
0  04 
92-35 

100  00 
1-92 


The  composition  of  the  iron  when  the  soluble  and  lasoluble 
constituents  are  added  together,  was — 
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Silicon, 

1-80 

Aluminium, 

036 

Calcium,     . 

093 

Magnesium, 

024 

Manganese, 

0-81 

Phosphorus, 

1-55 

Sulphur, 

004 

Graphite,   . 

068 

Combined  carbon,    . 

1-24 

Iron, 

9235 

10000 
Total  carbon  by  chromate  of  lead,        1*92 


Analysis  of  Messrs  BeU  Brother^  Iran. 
Quality  No,  4. 

Residue  insoluble  in  dilute  hydrochloric  acid  =  2*72. 


Analysis  of  the  Insoluble  Residue, 

Silica,       .  .  0-60 

Alumina,  .  0*52 

Lime,  .         .  0*20 

Magnesia,  .  0*13 

Protoxide  of  iron,      .  0*16 

Soluble  in  Hydrochloric  Add. 

Silica,        .         .         .  3-24 

Lime,        •  .  0*40 

Magnesia,  013 

Protoxide  of  manganese,  1*38 
Phosphoric  acid. 
Sulphur 


i'A«  same  after  ealcuiatt 

ngofOz^efL 

Silicon, 

029 

Aluminium, 

027 

Calcium,    . 

0  14 

Magnesium, 

007 

Graphite,  . 

106 

Combined  carbon. 

1.26 

Silicon, 

1.55 

Calcium,    . 

030 

Magnesium, 

008 

Manganese, 

106 

Phosphorus 

1-57 

Sulphur,   . 

003 

Iron, 

9232 

10000 


Total  carbon  by  chro- 
mate of  lead,  2*32 


The  following  is  the  composition  of  the  iron  when  the  soluble 
and  insoluble  constituents  are  added  together :--« 
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Silicon, 

184 

Aluminium, 

0-27 

Calcium, 

0-44 

Magnesium, 

015 

Manganese, 

106 

Phosphorus, 

1-57 

Sulphur, 

003 

Graphite, 

106 

Combined  carbon. 

1-26 

Iron,     . 

9232 

10000 

Total  carbon  by  chromate  of  lead,       2*32 
Annexed  are  the  preceding  results  tabulated  for  comparison. 


No.  1. 

No.  3. 

No.  4. 

Silicon,     . 

1-24 

1-80 

1-84 

Aluminium, 

0-28 

0-36 

0-27 

Calcium, 

115 

0-93 

044 

Magnesium, 

0-26 

0-24 

015 

Manganese, 

046 

0-81 

106 

Phosphorus, 

1-62 

155 

157 

Sulphur, 

trace 

004 

003 

Graphite, 

1-40 

0-68 

106 

Combined  carbon, 

056 

1-24 

1-26 

Iron, 

9303 

92-35 

92-32 

10000 

10000 

10000 

Total  carbon, 

1-96 

1-92 

232 

General  Conclusions. 

The  preceding  analyses  of  slags  and  irons  are  exceedingly 
instructive.  Without  attempting  to  extort  conclusions  which 
are  not  perfectly  obvious,  attention  may  be  directed  to  a 
number  of  facts,  developed  by  the  preceding  investigation, 
which  seem  to  indicate  a  progressive  change  both  in  the  com- 
position of  the  slags  during  their  collection  from  morning  till 
night,  and  in  the  composition  of  the  pig-irons  from  No.  1 
to  No.  5. 

In  reference  to  the  slags,  it  will  be  seen,  that  in  the  eight 
sets  examined,  the  silica  increases  from  9  a.m.  to  5  p.m.,  and 
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the  lime  and  alumina  diminish.  The  magnesia  does  not  ap- 
pear to  follow  any  rule ;  at  least,  it  is  not  so  obvious  as  that  of 
the  other  constituents. 

With  regard  to  the  sulphur  and  phosphorus,  the  small 
quantity  of  these  ingredients,  more  especially  of  the  latter, 
renders  it  very  difficult  to  lay  down  a  rule  without  exceptions. 

Out  of  the  eight  sets,  the  general  tendency  of  the  sulplior 
was  to  increase  from  9  a.m.  to  5  p.m.  in  seven  cases ;  whilst 
in  one  case  it  decreased,  but  only  very  slightly.  The  phos- 
phorus also  appears  to  follow  the  same  law. 

The  texture  is,  as  a  general  rule,  progressively  more  crys- 
talline from  9  till  5  o'clock.  In  the  two  experiments  madeon 
the  large  scale,  the  proportion  of  crude  iron  to  slag  was  w 
each  case  exactly  as  4  to  7. 

TJie  Crude  Iron. 

In  the  analysis  of  the  crude  iron,  a  great  similarity  is 
observable  in  the  proportion  of  some  of  the  ingredients,  as,  fo 
example,  in  the  aluminium,  calcium,  and  magnesium. 

The  manganese  appears  to  increase  invariably  from  No.  1 
to  No.  5  quality. 

Phosphorus  also  increases  decidedly  in  two  series  ;  is  ^^ 
third  series  it  is  doubtful. 

Sulphur  increases  slightly. 

Graphite  decreases  from  No.  1  to  No.  5,  whilst  combined 
carbon  increases ;  but  this  merely  confirms  an  already  ascer- 
tained fact. 

The  total  quantity  of  carbon  always  increases  from  No.  1 
to  No.  6. 
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(hi  a  New  Species  of  Eurypterus  from  the  Old  Red  Sand- 
stonej  Herefordshire.  By  the  Eey.  W.  S.  Symonds,  F.G.S., 
President  of  the  Malvern  Natural  History  Field  Club.* 

The  best  eyidences  of  the  succession  of  the  Old  Red  Sand* 
stone  strata  in  England  and  Wales  are  to  be  seen  along  the 
range  of  the  Black  Mountains  of  Herefordshire,  the  Fans  of 
Brecon  and  Caermarthen,  the  Gadir,  near  Talgarth,  and  the 
Scyrrid  and  Sugar  Loaf,  near  Abergavenny.  The  succession 
and  transition  from  the  Upper  Ludlow  (Silurian)  rocks  into 
the  Old  Red  rocks  above,  may  be  well  studied  near  Ludlow, 
in  Shropshire,  Kington,  Herefordshire,  and  Malvern,  Wor- 
cestershire ;  while  the  mass  of  Old  Red  rocks  intercalated 
between  the  Silurians  and  the  Carboniferous  limestone  shale, 
is  estimated  by  Sir  Roderick  Murchison  at  **  a  thickness  of 
not  less  than  8000  to  10,000  feet."    {Siluria,  p.  242.) 

Commencing  with  the  transition  beds  near  Ludlow,  we  have 
there  the  fossil  fishes  PleetrodiM^  sp.  Onchus  Murchisoni^  Ag. ; 
CepJiaUispis  (Pteraspis)  omattiSy  Egerton ;  Auchenaspis 
Salieriy  Egerton  ;  Cephalaspis  Murchisoni^  Egerton  ;  to- 
gether with  the  crustaceans  Pterj/gotus  anglicus^  Ag. ;  Euryp" 
teruspygmoBue^  Salter;  and  the  little  mollusc,  Lingula  cornea^ 
so  characteristic  of  the  Tilestones.  In  the  Kington  district, 
Mr  R.  W.  Banks  discovered  many  of  the  heads  of  those  sin- 
gular fish,  Pteraspis  (Kner.),  so  closely  allied  to  Cephalaspis^ 
associated  with  the  remains  of  the  crustaceans,  Pterygotus 
anglicuSf  Himantopterus,  and  Euryptems  pygmceus. 

Near  Elidderminster,  we  have  gray  Tilestones  passing  up- 
wards into  true  Comstones,  both  the  tilestones  and  comstones 
being  charged  with  the  remains  of  Cephalaspis  Lyellii,  Ce- 
phalaspis Lloydiif  Pteraspis  omatus,  Pterygotus  anglicuSj 
and  EurypteruSf  the  seed  panicles  called  Parkia  decipiens^ 
and  many  other  vegetable  remains.  These  beds  are  no  doubt 
Upper  Tilestones  passing  into  the  Lower  Comstones,  which 
are  surmounted  by  the  great  overlying  masses  of  Old  Red 
Sandstone  and  Comstones,  which  constitute  the  mass  of  so 

*  Read  at  the  British  A«ociation  for  the  Adyancement  of  Science,  held  at 
DubUn,  Aug.  28, 1857. 
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many  of  the  rounded  and  wooded  hills  of  Herefordsliire, 
Shropshire,  and  Monmouthshire.    Take  away  the  eler&ted 
Silurian  ranges,  and  the  hills  of  Herefordshire  are  Cornstone 
groups,  saved  by  their  hard,  impure  limestones,  from  deaudar 
tion ;  and  though  now  separated  by  yalleys  often  many  miles 
across,  were  once  as  continuous  as  the  rind  of  an  orange. 
The  CephcdasptM  Lyellii  is  an  abundant  organism  of  tliese 
deposits,  and  occurs  high  up  in  quarries  aboye  Foxley  snd 
Moocas,  near  Hereford,  on  the  flanks  of  Kentchuich  Park, 
Monmouth  Cap,  and  Grosmont  Hills,  and  on  the  flanks  of  the 
Scyrrid  and  the  Blorenge.    It  will  be  remembered  that  the 
CephalcupiM  Lyellii  is  found  in  the  Upper  Tilestones,  as9(h 
ciated  with  the  Eurypteru$.  Above  the  true  Comstones,  neai 
the  summit  of  Kentchurch  Park,  on  the  top  of  Bowlestone 
Hill,  near  Eyas  Harold,  and  on  the  flanks  of  the  Black  Moun- 
tains, near  the  Hay,  we  find  a  gray  building  stone  of  con- 
siderable thickness  overlying  the  great  mass  of  Gornstonee 
already  alluded  to ;  these  gray  beds  pass  upward  into  dark 
and  chocolate-coloured  sandstones,  which  are  succeeded  by  the 
quartzose  conglomerate  of  the  Upper  Old  Bed.    These  gray 
building  stones  have  lately  furnished  the  remains  of  a  well- 
preserved  Eurypterus,  a  crustacean  which  is  associated  irith 
Silurian  fishes  and  shells  at  Kington,  and  Old  Bed  Sandstone 
fish  and  plants  near  Kidderminster.    For  a  drawing  of  this 
fine  fossil  I  am  indebted  to  Mrs  Walter  Burrow  of  Malven ; 
it  was  discovered  by  an  intelligent  labouring  man  in  a  qnarry 
near  the  church  at  Bowlestone,  between  Hereford  and  Aber- 
gavenny^  where  I  carefully  examined  the  correlation  of  the 
beds,  to  which  I  was  conducted  by  the  Bev.  W.  Wenman,  who 
had  obtained  possession  of  the  Eurypterus.    Mr  J.  W.  Salter, 
of  the  Museum  of  Practical  Geology,  informs  me  that  he  has 
done  me  the  honour  to  call  the  species  Eurypierua  Sj^ntondWi 
and  that  he  will  describe  it  in  the  ]>ecades  of  the  Society. 
Mr  Salter  also  tells  me  that  the  chief  character  of  the  species  of 
Eurypterus  **  is  the  very  wide  front  deeply  margined,  and  the 
occurrence  of  those  lateral  rugse  so  peculiar  to  this  species.*' 
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I. — Notice  of  ihe  Present  State  of  the  Theory. 

In  the  following  pages  there  is  given  a  strict  analysis  of  the 
vibratioiis  of  a  linear  elastic  system,  from  which  all  approxi* 
mative  operations  are  excluded,  and  which  leads  from  the 
assumption  that  the  redressing  tendency  is  proportional  to  ihe 
disturbance  to  the  enunciation  of  an  absolutely  general  law. 

This  law  does  not  harmonize  with  the  usually  received  ideas 
concerning  the  propagation  of  sound,  and  seems,  indeed,  to  be 
altogether  irreconcileable  to  the  undulatory  theory  of  light, 
so  that  the  train  of  reasoning  which  has  led  to  Lt  must  neces- 
sarily challenge  a  close  scrutiny. 

The  general  problem,  "  To  compute  the  motions  of  a  system 
of  bodies  which  attract  each  other  according  to  a  given  law,** 
has,  as  yet,  been  resol\red  in  a  very  limited  number  of  cases. 

When  the  system  contains  only  two  bodies,  the  solution 
has  been  attained  to  for  a  considerable  variety  of  supposed 
laws  of  attraction,  the  most  important  among  which  is,  when 
the  attraction  varies  inversely  as  the  square  of  the  distance. 
These  solutions  are  accomplished  by  observing  that  each  of 
the  two  bodies  must  move  as  if  it  were  attracted  to  the  centre 
of  gravity,  and  by  thus  reducing  the  problem  to  the  case  of  a 
single  body  attracted  to  a  fixed  point. 

Beyond  this  the  labours  of  the  most  eminent  mathemati- 
cians have  failed  to  carry  us,  except  in  one  or  two  very  re- 
stricted examples. 

When  the  attractions  are  supposed  to  be  directly  propor- 
tional to  the  distances  and  also  to  the  masses  of  the  bodies, 
it  is  easy  to  show  that  the  resultant  of  all  the  attractions 
exerted  on  any  one  body  of  the  system  must  be  directed 
towards  the  centre  of  gravity  of  the  system,  and  must  be  pro- 
portional to  the  distance  from  that  centre :  so  that,  in  this 
particular  case,  the  law  of  the  motion  of  the  system  can  be 
completely  investigated ;  and,  so  far  as  I  know,  this  is  the  only 
variety  of  the  problem  of  three  bodies  that  has  been  solved. 

Let  A,  B,  C,  D,  &c.,  be  the  masses  of  a  number  of  bodies 
which  attract  each  other  as  the  masses  and  distances  jointly ; 
then,  f  being  a  coefficient  common  to  all  the  system, 

2r 
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e .  A .  B .  -v/{(«.-«J' + (y.-  y.)»  +  (^.  -  O'l     (i) 

is  the  value  of  the  attraction  subsisting  between  the  twobodi^ 
A  and  B. 

In  order  to  compute  the  effect  of  this  attraction  upon  the 
motion  of  the  point  A,  we  decompose  it  into  three  tendendes 
parallel  to  the  directions  ^,  y^  z.  Now,  the  cosine  of  ihe  angle 
which  the  line  AB  makes  with  the  direction  w  is 

wherefore  the  effect  of  the  attraction  (1),  estimated  in  the  di- 
rection Xy  is 

^A.B(ri.-«J  .  .        (3.) 

which  is  independent  of  the  ordinates  y  and  z. 

The  total  tendency  of  all  the  attractions  of  the  other  bodies 
of  the  system  to  cause  A  to  move  in  the  direction  x  must 
therefore  be 

wherefore  the  second  derivative  of  the  variable  x^  is 

which,  on  adding  zero  in  the  form  f  A(d?^— a?J,  and  placing 
the  origin  of  co-ordinates  at  the  centre  of  gravity  of  the  sys- 
tem, becomes 

^^=-g.2M.a?^  .        (5.) 

in  which  2  M  is  used  to  denote  the  entire  mass  of  the  system. 

It  results  from  this  value  of  the  second  derivative  of  ^^ 
that  x^  is  a  circular  function  of  tj  viz., 

«A=U^  •  ^^^  {WG2M)  +  u^}  .        (6.) 

in  which  U^  and  u^  are  two  constants  to  be  determined  bj 
the  condition  of  the  system  at  a  given  epoch. 

Similarly  for  the  other  ordinates  of  the  body  A,  we  have 

y^=V^.sin{W(^2M)  +  t;J     | 
^^= W^ .  sin  WiflM)  +  wj     J     '        ^'^ 

Whence  there  results  this  remarkable  law,  that  if  a  system  of 
planets  were  to  attract  each  other  with  intensities  proportional 
to  their  distances  and  masses  jointly,  each  of  them  would 
describe  an  ellipse  about  the  centre  of  gravity  as  its  centre ; 
that  all  the  periodic  times  would  be  identical,  and  that  the  po- 
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Bi&mB  Cft  Hm  orbits  woald  be  Qncbanging.  Hence  at  every 
rerdntian  the  old  phases  and  conjunctions  would  recur. 

Now  this  supposition  has  considerable  analogy  with  the 
condition  of  a  congeries  of  elastic  particles ;  while,  at  the  same 
time,  there  is  an  essential  distinction  between  the  two.  In  an 
elastic  system  one  body  acts  only  on  certain  of  the  others — ^the 
coefficients  of  elasticity  are  not  proportional  to  the  masses,  nei- 
ther are  the  attractions  proportional  to  the  distances,  but  to  the 
derangements  of  these  distances  from  their  mean  state.  The 
elastic  system,  therefore,  wants  the  very  conditions  which  ren- 
dered the  previous  problem  resolvable.  The  supposition  that  the 
attractions  are  proportional  to  the  distances  of  the  attracting 
bodies  enabled  us  to  separate  the  variations  of  the  three 
rectangular  co-ordinates,  and  left  us  at  liberty  to  treat  the 
motions  in  the  direction  a  as  if  those  in  the  directions  y  and 
z  had  no  existence  ;  and  the  supposition  that  each  body  of  the 
system  attracts  every  other  body,  brought  into  play  the  pro- 
perty of  the  centre  of  gravity ;  therefore,  as  both  of  these 
suppositions  are  foreign  to  the  character  of  an  elastic  system, 
this  method  of  analysis  fails  to  apply  to  it. 

The  theory  of  vibration  which  I  am  about  to  give,  results 
from  the  complete  resolution  of  the  problem — **  To  determine 
the  motions  of  a  system  of  bodies,  the  attractions  of  which  are 
proportional  to  their  distances  though  not  to  their  masses  ;'' 
a  solution  which  at  once  leads  to  that  of  the  kindred  problem — 
"  To  discover  the  law  of  the  motions  of  a  series  of  particles 
placed  in  a  straight  line  and  acting  on  each  other  by  redress- 
ing tendencies  proportional  to  the  derangements  of  their  dis- 
tances." 

Before  proceeding  to  explain  the  peculiar  artifice  by  which 
the  variables  are  separated  in  the  general  equation  of  motion, 
it  may  be  proper  to  pass  under  review  the  Newtonian  theory 
of  sound,  since  it  was  while  seeking  to  remedy  the  glaring 
deficiency  of  that  theory  that  I  discovered  the  general  prin- 
ciple from  which  the  solution  flows. 

In  order  to  discover  the  law  according  to  which  sound 
travels,  Newton  supposed  a  line  of  aerial  particles,  each  acting 
on  the  two  adjoining  ones ;  and  having  imagined  a  peculiar 
species  of  vibration  among  these  particles,  he  sought  for  the 
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conditions  under  whiob  suck  a  vibrati^i  ean  exist.  Haring 
thus  obtained  a  pecnliar  phase  of  the  general  law,  he  anpfieaed 
the  particles  to  become  infinitely  nmnerons,  and  arriTed  at  an 
expression  which  he  believed  to  indicate  the  veloei^  of  sonnd. 

The  Telocity  supposed  to  be  obtained  in  this  way  differs 
greatly  from  that  found  by  actual  observation,  and  vsrioos 
attempts  have  been  made  to  remove  the  discrepancy.  The 
most  nptable  of  these  attempts  is  that  of  Laplacet  wko  has 
taken  into  consideration  the  heat  developed  by  the  eompies- 
sion  of  air,  and  has  argued  that  this  development  of  heat 
mnst  augment  the  coefficient  of  elasticity.  Ivory  has  followed 
in  the  same  line ;  and  it  has  been  tacitly  admitted  that  this 
correction  has  reconciled  the  theory  of  Newton  with  obsova- 
tion. 

For  n^  own  part»  I  never  waa  able  to  see  that  Newton  has 
demonstrated  anything  at  all  concerning  the  velocity  of  sound ; 
or  rather  I  have  always  felt  perfectly  satisfied  that  not  one  of 
the  conditions  of  the  problem  enters  into  Newton's  imaginazy 
solution  of  it.  While  stndying  under  the  able  and  almost 
parental  guidance  of  John  Leslie  I  had  ventured  to  urge  this 
objection  against  Newton's  logic.  Careful  and  repeated  revi- 
sions only  served  to  confirm  my  belief  in  the  soundness  of  the 
objection ;  yet  I  hesitated  to  lay  it  before  the  mathematical 
world.  When  such  giant  minds  as  Newton,  Laplace,  and  Ivory, 
have  concurred  in  assent,  the  gauntlet  of  an  unknown  and 
adventurous  knight-errant  might  only  have  served  to  exoite 
derision ;  but  this  objection  has  been  strengthened  by  the 
long-sought-for  and  long-despaired-of  doscov^  of  a  strict  and 
unassailable  analysis. 

The  experimental  determination  of  the  velocity  of  sound  is 
accomplished  by  creating  a  sudden  concussion,  md  by  observ- 
ing what  time  elapses  ere  the  sound  of  it  be  heard  at  a  giTen 
distance ;  and  the  problem  is  to  discover,  theoretically,  what 
this,  time  should  be*  The  problem,  in  relation  to  discrete 
bodies  may  be  stated  thus : — 

A  linear  series  of  bodies,  A«  B,  C, K*  L,  M, 

is  united  by  springs  or  other  elastic  oonnections.  The  whole 
being  in  a  staste  of  quiescence,  an  impulse  is  suddenly  com- 
municated to  the  one  end,  A :  Query — ^In  what  time  will  that 
impulse  be  felt  at  the  other  end,  M  ? 
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Let  us  see  how  Newton  attempts  to  answer  tUs  question. 

He  imagines  to  himself  a  peculiar  kind  of  vibration  among 
these  bodies.  Each  one  is  oscillating  backwards  and  forwards 
about  its  mean  position ;  the  extents,  and  the  periodic  times 
of  the  oscillations,  are  all  alike ;  but  the  bodies  A,  B,  C,  &c., 
are  successively  a  little  in  retard  of  their  antecedents  in  re- 
spect of  the  epoch  of  the  oscillation.  He  then  proceeds  to 
inquire  under  what  circumstances  such  an  oscillation  is  pos- 
sible; and  this  inquiry  he  conducts  with  great  skill  and 
clearness. 

He  takes  two  alternate  bodies,  as  A  and  C,  and  supposes 
them  to  be,  by  any  conceivable  means,  made  to  oscillate  in 
the  way  described,  and  inquires  what  must  be  the  relation  be- 
tween the  elasticity  of  the  connection  and  the  data  of  the  oscil- 
lations, in  order  that  the  intermediate  body  B  may  also  oscil- 
late in  the  same  way. 

Let  U  be  the  half  extent  of  the  oscillation  of  each  body ; 
^^9  ^B»  ^0*  ^^^  distances  of  each  from  its  point  of  quiescence,  e 
an  unknown  coefficient,  and  u  the  interval  of  time  between  the 
epochs  of  the  successive  oscillations.    Then  we  may  put 

»^=U  .  sin  e  (e       )       ] 

«,=U  .  sin  e(t  +  u)       I  .         .         (7.) 

«o=U  .  sintf(t  +  2tt)    J 

The  first  and  the  last  of  these  motions,  namely,  ajj,  and  a?^, 
are  supposed  to  be  derived  from  some  extraneous  source ;  and 
the  question  is,  to  ascertain  whether  an  elastic  connection 
between  A  and  B,  and  another  between  B  and  C,  can  keep  the 
intermediate  body  B  vibrating  in  this  way.  Let  g  be  the  co- 
efficient of  elasticity  for  these  connections,  then  we  must  have 

from  the  action  of  the  springs  on  the  one  hand,  and 

3^a^=-«*Usin6(«  +  tt)        .         .  (9.) 

from  the  supposed  law  of  motion  on  the  other  hand ;  and  our 
business  is  to  see  whether  these  two  equations,  (8)  and  (9),  be 
compatible. 

From  the  known  properties  of  equidifferent  arcs  we  find 
that  equation  (8)  takes  the  form 
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«''=-^(2  "^  f  )*8m.(t-«).       (10.) 

and  on  comparing  this  with  the  preceding  valae  of  the  seeond 
derivative  of  or,,  we  have  the  same  variable  factor  sin  «(<-») 
in  bodi ;  wherefore,  we  conclude,  that  such  an  oscillation  is 
possible,  if  the  elasticity  {>,  and  the  interval  of  time  u,  be  ar- 
ranged so  as  to  satisfy  the  equation — 

«=2abfv'(|)         .         .         .        (11.) 

and  if  the  intermediate  body  B  be  at  first  impressed  with  the 
proper  velocity. 

This  is  what  Newton's  demonstration  shows  ;  but  it  is  all 
that  it  does  show. 

The  corollary  which  Newton  drew  from  this  demonstration 
is  remarkable  for  its  beautiful  simplicity. 

If  a  fourth  body  D  be  placed  beyond  C,  and  be  made  to 
vibrate  according  to  the  law — 

«^=:U  .  sin«(e— 3u)      .         .         .         (11-) 
then  an  elastic  connection  between  G  and  D  may  be  substi- 
tuted for  that  extraneous  influence  which  sustained  the  oacii- 
lation  of  C ;  and,  extending  this  reasoning  to  any  number  of 
vibrating  bodies,  he  reached  this  beautiful  law,  that, 

If  a  aeries  of  bodies.  A,  B,  C K,  L,  M,  ofeqml 

weights  he  connected  by  springs,  having  their  coejicient  of 
elasticity  (>,  and  if  these  be  once  made'  to  oscillate  according 

to  the  law — 

«^=U8in  e(t         ) 

«^  =  U8in  6(«—  tt) 

«^=U  sin  e  (e— 2u) 

^^= U  sin  e  (t  —  3t*) 

&c.  &c.y 

then  it  is  sufficient  that  the  oscillatipns  of  the  two  extrenui 
A  and  M  be  maintained,  in  order  to  preserve  those  of  all  the 
others,  provided  the  equation 

Ai) 

be  satisfied. 

In  this  paraphrase  of  the  exceedingly  concise  and  clear  lan- 
guage of  Newton  I  have  retained  all  the  essential  parts  of  bis 
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reasoning,  and  have  omitted  only  those  considerations  by  means 
of  which  he  passed  from  a  discrete  series  to  a  concrete  line. 

The  inference  which  Newton  draws  from  this  affords  a  not- 
able example  of  non  seguitur.  The  region  of  maziminn  den- 
sity of  such  a  pulsation  mnst  pass  along  the  series  with  a 
velocity  determined  by  the  distance  between  the  particles  and 
by  the  time  u;  therefore,  he  concludes,  sound  must  travel  with 
this  velocity.  To  take  a  homely,  but  not  too  forcible,  illustra- 
tion, this  is  to  mistake  the  seeming  longitudinal  motion  of  the 
threads  of  a  revolving  screw  for  a  longitudinal  motion  of  the 
screw  itself. 

K  I  can  show  that  some  modes  of  vibration  exist  in  which 
the  regions  of  maximum  density  are  stationary,  shall  I  be  able 
thence  to  argue  that  the  velocity  of  sound  is  zero  1  or  if  I  can 
prove  that,  in  other  modes  of  vibration,  the  epochs  are  coinci- 
dent throughout  the  whole  length,  would  that  demonstrate  the 
instantaneous  transmission  of  sound  1  It  is  not  enough  to 
show  that  such  and  such  a  mode  of  vibration  is  possible ;  we 
must  show  that  it  results  from  the  conditions  of  the  problem. 
Now,  the  essential  character  of  the  Newtonian  pulsation  ab- 
solutely excludes  the  idea  of  transmission.  The  motion  of  the 
particle  B  depends  not  on  that  of  A  alone,  but  also  on  that  of 
C :  both  A  and  C  must  be  made  to  vibrate  accurately  in  order 
that  the  elasticities  of  the  connections  may  keep  B  vibrating 
in  accord  with  them ;  audit  is  to  be  observed  that  these  elas- 
ticities are  not  capable  of  communicating  that  oscillation  to  B, 
— ^they  are  only  able  to  maintain  it  after  it  has  been  begun.  So 
also  with  the  series  of  bodies  A,  B,  C,  .  .  .  .  E,  L,  M : 
the  oscillations  of  the  first  and  last  must  be  maintained,  and 
those  of  all  the  intermediates  must  be  begun  simultaneously 
and  accurately,  otherwise  their  motions  cannot  be  predicted  by 
the  formula.  So  far,  then,  is  Newton's  investigation  from  indi- 
cating the  time  in  which  sound  is  transmitted  from  A  to  M, 
that  it  actually  presupposes  the  whole  column  A  •  .  M  to 
be  sounding,  in  order  to  bring  the  motions  within  the  scope  of 
analysis.  Nay,  more :  if  the  extreme  bodies  A  and  M  be  so  far 
separated  that  e .  mu  is  half  a  revolution ;  that  is,  to  say  if  A  be 
at  its  extreme  right  when  M  is  at  its  extreme  left  position, 
the  very  oscillations  of  A  and  M,  which  are  consistent  with  the 
progression  of  epochs  t,  t—u^  <— 2m,  &c.,  would  also  be  consis- 
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tent  with  the  progression  f,  < + u>  ^  +  2tt,  Ac.  In  other  words, 
the  same  motions  of  A  and  M  may  sapport,  indifferentlj,  an 
oscillation  which  gives  a  progression  from  A  to  M,  or  one 
which  gires  a  progression  from  M  to  A,  according  as  ihe  im* 
tial  velocities  of  B,  C  .  .  •  K,  L  are  arranged.  Hence, 
then,  in  order  to  test  the  result  of  Newton's  reasoning  by  ex- 
periment, we  most  identify  one  of  his  poises,  and  follow  it 
along  the  vibrating  column.  It  will  be  time  enough  to  recoB- 
cile  theory  with  observation  when  such  an  observation  shall 
have  been  made. 

As  I  have  already  said,  the  true  conditions  of  the  problem 
are  represented  by  supposing  a  string  of  bodies  A,  B,  C,  .  • 
E,  L,  M,  connected  by  elastic  ties  and  in  a  state  of  repose,  to 
receive  a  sudden  impulse  at  one  end. 

Perfectly  satisfied  that  the  only  mode  of  determining  ibeo- 
retically  the  velocity  of  sound  is  to  trace  the  effect  of  s& 
impulse  given  to  an  elastic  series  in  repose,  I  had  often  oo- 
successfully  attempted  the  solution  of  the  problem  as  now 
stated. 

When  the  railway  was  constructed  from  Manchester  to 
Liverpool  the  problem  again  appeared,  but  with  a  new  aspect; 
it  became  this. 

To  diaeover  the  effects  of  a  collision  upon  a  train  ^/ 
wagons  fitted  with  elastic  buffers. 

Stimulated  now  by  the  practical  importance  of  the  subject 
I  again  and  again  renewed  my  attempts,  but  without  success. 

The  moment  that  the  body  A  begins  to  move,  the  spring 
which  connects  it  with  B  is  compressed,  and  B  also  begins  to 
move  :  the  spring  between  B  and  C  is  compressed,  andindnces 
motion  in  C,  reacting  also  to  retard  the  advance  of  B,  and  so 
on  all  along  the  series ;  wherefore  even  the  initial  motion  of 
B  cannot  be  ascertained  without  taking  all  the  other  bodies 
into  account.  The  very  first  step,  then,  to  the  solution  of  the 
problem  must  be  the  complete  integration  of  all  the  equations 
of  motion. 

In  the  month  of  November  last  (1865),  while  explaining  to 
a  young  friend  the  source  of  the  difficulties  of  the  question,  I 
was  fortunate,  by  following  out  a  particular  train  of  thought 
to  discover  a  general  method  by  which  these  integrations  can 
be  effected,  and  which  readily  extended  to  the  investigation  of 
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the  motioBS  of  a  system  of  bodies  which  attract  each  other 

,       with  intensities  proportional  to  their  mutual  distances,  though 

not  to  their  masses. 

{To  be  continued.) 


On  the  Electric  Fishes  as  the  Earliest  Electric  Machines  6m- 
ployed  hy  Mankind.  By  Georgb  Wilson,  M.D.,  F.R.S.E., 
Regius  Professor  of  Technology,  University  of  Edinburgh.* 

Were  the  question  put  to  a  circle  of  scientific  men,  ^^  With 
what  form  of  electrical  apparatus  were  mankind  first  ac- 
quainted V  we  should  be  certain  to  hear  much  ingenious  dis- 
cussion concerning  the  date  of  Yon  Eleist's  earliest  Leyden 
jar  (1745),  Hauksbee's  glass  friction^machine  (1709),  and 
Otto  Von  Guericke's  famous  sulphur  ball  (1670).  Few,  how- 
ever, would  go  further  back  than  this  primitive  instrument, 
unless  the  magnet  were  included  among  electrical  appara* 
tus,  which  in  the  form  of  the  compass-needle  it  cannot  be ; 
and  even  if  we  dignified  with  the  name  of  instruments  the 
pieces  of  amber  and  precious  stones  which  the  predecessors  of 
Guericke  rendered  attractive  and  luminous  by  friction^  we 
should  gain  nothing  by  going  beyond  1600,  when  Gilbert,  the 
introducer  of  the  word  electricity^  published  his  truly  scientific 
treatise  '*  De  Magneto/'  The  discussion  would  thus  range  at 
utmost  over  only  two  centuries  and  a  half;  and  as  the  Magde- 
burgh  sphere  of  sulphur  is  the  earliest  artificial  arrangement 
which  can  be  fairly  called  a  machine,  our  oldest  electrical  in- 
strument is  apparently  less  than  200  years  old. 

Such,  accordingly,  has  been  the  conclusion  of  our  historians 
of  Electricity ;  nor  did  it  occur  to  me,  whilst  prosecuting  re- 
searches into  the  early  history  of  electrical  instruments,  to 
doubt  its  accuracy.  Last  summer,  however,  I  was  directed 
towards  a  new  channel  of  inquiry,  by  a  paper  read  to  the 
Archaeological  Institute  at  its  meeting  in  Edinburgh  by  my 
colleague  Professor  Simpson,  in  which  he  drew  attention  to- 
the  application  of  the  living  torpedo  as  a  remedial  agent  by 
the  ancient  Greek  and  Soman  physician?,  in  demonstration  of 
the  antiquity  of  the  practice  of  employing  electricity  therapeu- 
tically.   I  had  not  looked  at  the  subject  in  this  light  before, 

*  Read  to  the  Natural   History  Section  of  the  BritiBh   Association,    at 
Dublin,  Aagiut  S7,  \WT. 
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but  inquiry  soon  satisfied  me  that  a  living  eleclaric  fisb 
the  earliest,  and  is  still  the  most  familiar,  electric  instrument 
employed  by  mankind.  Before  entering  into  the prwdniikas 
it  i£  worth  while  noticing,  that  althoagh  the  historians  of 
Electricity  have  not  overlooked  the  fact  that  the  ancients 
were  aware  of  the  electrical  powers  of  the  torpedo,  they  hare 
passed  unnoticed  the  early  therapentic  employment  of  tk 
fish  as  a  truth  which,  however  interesting  to  the  naturali^ 
or  the  physician,  had  no  significance  for  them.  Pri^tiej 
for  example,  in  his  *^  History  and  Present  State  of  Electri- 
city," 1775,  refers  to  the  gymnotus  as  *' possess^  of  t 
kind  of  natural  electricity,  but  different  from  the  common 
electricity,  in  that  persons  who  tonch  it  in  water  are  shocked 
and  stunned  by  it,  so  as  to  be  in  danger  of  drowning"  (vol. 
i.  p.497),  and  quotes  Muschenbroeck's  query,  "whether  the 
sensation  communicated  by  the  torpedo  does  not  depend  npon 
a  similar  electricity  V*  (P.  498.)  But  both  references  occur 
under  "Miscellaneous  Experiments,"  illustrating  the  then 
"  present"  state  of  electrical  science,  and  no  historical  im- 
portance is  attached  to  them.  This  is  the  more  semarkable, 
that  when  Priestley  wrote,  the  only  electrical  power  known  to 
characterize  the  fishes  which  he  names  was  that  of  giving  ihe 
"  shock ;"  and  so  marvellous  did  this  phenomenon  appear  to 
him,  that  he  goes  the  extreme  length  of  declaring,  that ''  the 
electric  shock  itself,  if  it  be  considered  attentively,  will  appear 
almost  as  surprising  as  any  discovery  that  Sir  Isaac  Newton 
made ;  and  the  man  who  could  have  mad0  that  discovery  by 
any  reasoning  a  priori  would  have  been  reckoned  a  most  ex- 
traordinary genius."* 

It  seems  strange,  after  these  statements,  that  Priestley 
should  have  given  no  place  in  his  history  either  to  the  ancient 
recognition  of  the  shock-giving  power  of  the  torpedo,  or  to  its 
application  as  a  remedial  agent ;  but  the  explanation  of  his  si- 
lence probably  lies  in  the  fact,  that  he  was  not  fully  satisfied  that 
the  shock  of  the  torpedo  or  gymnotus  was  electrical.  "  It  is  to 
be  regretted,"  he  says, "  that  none  of  the  persons  who  have  made 
experiments  on  these  fishes  should  have  endeavoured  to  ascer- 
tain whether  they  were  capable  of  exhibiting  the  phenomena 
of  attraction  and  repulsion,  or  the  appearance  of  electric  light, 

*  Preface  to  first  edition  of  History  of  filectricitj  (1767),  p.  zv. 


Electric  Machines  employed  by  Jifanhind,  269 

as  experiments  of  this  kind  are  of  principal  (^onsequence,  and 
must  have  been  easy  to  make.''*  Later  histori8m.pf  Electricity, 
especially  those  writing  after  the  experiments  thn^eferred  to, 
had  (in  spite  of  their  difficulty,  which  Priestley  quite  under- 
valued) been  successfully  made,  have  not  failed  to  quote  the 
classical  references  to  the  torpedo,  but  have  attached  no  im- 
portance to  its  medical  use  ;  and  no  Natural  Philosopher,  so  far 
as  I  am  aware,  has  even  hinted  the  claim  of  the  electric  fishes 
to  rank  first  in  order  of  time  among  electrical  instruments. 

The  subject  is  one  of  greater  interest  to  physicists  than  to 
naturalists,  but  I  bring  it  before  the  Natural  History  Section  of 
this  Association  rather  than  before  the  sections  devoted  to  Phy- 
sics and  Chemistry,  in  the  hope  of  inducing  naturalists  placed 
in  favourable  localities  to  inquire  how  far  uncivilized  nations 
familiar  with  electric  fishes  employ  their  powers  remedially. 

The  subject  admits  of  a  twofold  division, — into,  1^^,  The  an- 
tiquity of  the  practice  of  using  the  electrical  fishes  as  remedial 
agents ;  2d,  The  extent  or  generality  of  that  practice. 

So  far  as  I  have  yet  ascertained,  the  fishes  which  have  been 
or  are  thus  employed,  are  limited  to  different  species  of  the  tor- 
pedo, the  gymnotus,  and  the  silurus  or  malapberurus ;  the  first 
a  widely  distributed  marine  genus,  the  second  abounding  in 
many  of  the  rivers  of  South  America,  and  the  third  in  cer- 
tain of  those  of  Africa.  Of  none  of  these  fishes  but  the  gym- 
notus can  it  with  certainty  be  affirmed,  that  those  who  made 
use  of  them  were  aware  that  they  were  electrical  instruments ; 
and  in  the  case  of  the  gymnotus  this  remark  applies  only  to 
its  therapeutic  use  in  very  recent  times.  There  is  reason, 
indeed,  to  believe  that  it  had  been  employed  for  centuries  by 
the  South  American  savages  as  a  mysterious  heroic  remedy ; 
but  in  speaking  of  the  zoo-electric  machine  as  the  earliest 
electric  instrument,  I  must  throughout  be  understood  as  look- 
ing at  the  living  apparatus  from  a  modem  electrician's  point 
of  view. 

The  antiquity  of  the  practice  first  concerns  us,  and  must 
be  rested  chiefly  on  the  case  of  the  torpedo,  as  employed  by 
the  civilized  dwellers  on  the  shores  of  the  Mediterranean. 
From  their  writings  we  can  trace  the  practice  back  for  nearly 
two  thousand  years ;  certainly  to  before  the  Christian  era. 

*  Op.  Cit.,  Tol.  i.  p.  498. 
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a  nark^  on  board,"*  How  far  the  ancients  realized  this  faet. 
of  which  to  some  extent  they  mu3t  hjave  been  cognisant,  and 
what  devices  they  followed  to  induce  the  torpedo  to  give  its 
shock,  does  not  appear  very  clearly  from  the  Greek  and  Roman 
writings  which  have  come  down  to  us.  Gralen*s  ascription  of 
similar  properties  to  the  dead  as  to  the  living  torpedo,  is  not 
reconcilable  with  the  belief  that  he  was  fully  aware  of  the 
purely  voluntary  nature  of  the  electric  discharge.  The  same 
remark  in  all  likelihood  may  be  applied  to  the  majority  of 
the  ancient  practitioners  who  employed  the  torpedo  in  medi- 
cine. Nevertheless,  it  will  be  seen  from  their  prescriptions, 
copied  in  the  sequel,  that  they  were  generally  strict  in  re- 
quiring that  the  fish  should  be  alive,  and  whatever  antipara- 
lytic  virtues  Galen  may  have  attributed  to  its  cooked  body, 
"he  denies  that  it  has  any  narcotic  effect  as  a  medicine, 
unless  when  applied  alive  **  {De  Simph  vii.)t  A  similar  con- 
viction probably  led  to  the  cruel  practice  of  boiling  the 
living  torpedo  in  oil,  with  a  view  to  produce  an  anodyne  lini- 
ment. On  this  point,  as  on  others  connected  with  the  subject 
before  us,  we  may  look  for  more  precise  information  than  at 
present  we  possess  when  the  great  work  on  the  Greek  and 
Latin  physicians,  in  course  of  publication  at  Paris,  has  made 
further  progress.^  Meanwhile,  the  following  references  to 
the  torpedo,  for  the  majority  of  which  I  am  indebted  to  Dr 
Simpson,  will  sufficiently  illustrate  the  electro-practice  of  the 
ancient  physicians.     I  quote  them  in  chronological  order,  so 

*  "  Prose  Halieatics,"  p.  456.  It  is  notorious,  ali|p,  that  electric  fishes  of  va- 
rious genera  have  been  kept  for  weeks,  or  even  months,  along  with  oUier  fish, 
without  exerting  their  fatal  electric  powers  upon  them.  In  the  case  of  the 
torpedo,  indeed,  and  perhaps  also  of  the  silurus  or  malapterurus,  these  powers 
are  probably  serviceable  chieflj  as  means  of  defence.  It  is  otherwise  with 
the  gymnotus,  which  systematicaUy  kills  its  prey  by  electric  discharges.  Its 
immense  batteries,  however,  are  much  more  powerftil  than  is  requisite  for  the 
slaughter  of  the  small  fish  on  which  it  lives,  and  are  largely  employed  by  it 
as  offenstve  and  defensive  weapons.  It  appears,  indeed,  to  be  a  pugnacious 
creature. 

t  See  Dr  Francis  Adams'  Commentary  on  Paulus  iCgineta,  vol.  liL  p.  SGfi. 

\  ^*  Collection  des  M^decins  Grecs  et  Latins  publico  sous  les  auspices  dn 
Minisi^re  de  rinstruction  Publique,  par  le  Dr  Ch.  Daremberg."  Scholars  in 
all  parts  of  Europe  are  contributors  to  this  important  work,  which,  though 
chiefly  concerned  with  Ancient  Medicine,  discusses  incidentally  nearly  aU  the 
Sciences,  Arts,  and  Usages  of  the  Civilized  Greek  and  Roman  world. 
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fftr  at  least  as  centuries  are  ooocemed.  Asclepiades,  who  flou- 
rished in  the  first  oentnry  B.C.,  employed  the  torpedo  in  in* 
flammation ;  but  only  fragments  of  his  works  have  reached 
us.  The  following  reference  to  these  and  other  pre-Christian 
writings  has  been  kindly  furnished  to  me  by  my  friend  Dr 
CSiarlee  Wilson  :-^ 

**  Of  the  application  of  the  torpedo  as  a  stupefacient,  we 
find,  besides,  mention  in  several  writers  anterior  to  Scribonius  : 
Nicander  alludes  to  it ;  and  Asclepiades,  who  practised  medi- 
cine in  Rome  a  century  before  Scribonius,  employed  it  in  in- 
flammation ;  and  Anterus,  a  freedman  of  Tiberius,  was  suc- 
cessfully treated  for  gout  through  the  application  of  a  live 
torpedo,  by  advice  of  Charicles.'** 

Pliny  (first  century)  has  many  references  to  the  torpedot 
The  following  is  one  of  the  more  general  and  speculative : — 

*'  And  then,  besides,  even  if  we  had  not  this  illustration  by 
the  agency  of  the  echenels,  would  it  not  have  been  quite  suffi- 
cient only  to  cite  the  instance  of  the  torpedo,  another  inhabi- 
tant also  of  the  sea,  as  a  manifestation  of  the  mighty  powers 
of  nature  t  From  a  considerable  distance  even,  and  if  only 
touched  with  the  end  of  a  spear  or  staff,  this  fish  has  the  pro- 
perty of  benumbing  even  the  most  vigorous  arm,  and  of  rivet- 
ting  the  feet  of  the  runner,  however  swift  he  may  be  in  the 
race.  If,  upon  considering  this  fresh  illustration,  we  find  our- 
selves compelled  to  admit  that  there  is  in  existence  a  certain 
power  which,  by  the  very  e^dialations,  and,  as  it  were,  emana- 
tions therefrom,  is  enabled  to  affect  the  members  of  the  human 
body,  what  are  we  not  to  hope  for  from  the  remedial  influ- 
ences which  nature  has  centred  in  all  animated  beings  ? "  t 

The  succeeding  quotations  illustrate  more  precisely  the  mode 
of  applying  the  torpedo  :— 

Scribonius  Largus  (first  century)  thus  writes : — "Capitis  do- 
lorem  quemvis  veterem  et  intolerabilem  protinus  toUit,  et  in 
perpetuum  remediat  torpedo  viva  nigra,  imposita  eo  loco  qui  in 
dolore  est,  Honec  desinat  dolor,  et  obstupescat  ea  pars ;  quod 
quum  primum  senserit,  removeatur  remedium,  ne  sensus  aufe- 
ratur  ejus  partis.     Plures  autem  parand»  sunt  ejus  generis 

«  «  De  Renzi,  Storia  deUa  Medicina  in  Italia,"  t.  i.  p.  275. 
t  Katural  Hifltory,  Book  zzzii.,  Chap.  iL,  Bohn's  Translation,  vol.  yI.  p.  4. 
KEW  SBRIBS. ^VOL,  VI.  NO.  II. OCTOBER  1857.  S 
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torpedines,  quia  nonnunquam  viz  ad  duas  tresve  respondet 
oaratio,  id  est  torpor :  quod  signum  est  remediationis.''* 

Galen  (second  century)  refers  in  similar  terms  to  the 
treatment  of  headache :  "  Sed  et  torpedinem  totam,  dice  autem 
animal  marinum,  capitis  dolores  sanare  capiti  admotam  se* 
demque  eversam  coercere  ^  quibusdam  est  proditum.  Venim 
ego  quum  utrumque  essem  ezpertus,  neutrum  verum  comperi. 
Eam  igitur  cum  cogitassem  vivam  esse  applicandam,  cui  caput 
doleret,  posse  enim  fieri  ut  hoc  medicamentum  anodynon 
esset,  ac  dolore  liberaret  similiter  ut  alia  quae  sensum 
obstupefaciunt,  ita  habere  comperi.  Putoque  eum,  qui  primus 
est  usus  tali  quapiam  motum  ratione  ezperiri  aggressum/'f 

Aetius,  who  wrote  in  the  end  of  the  fifth  century,  does 
little  more  than  abbreviate  the  prescription  of  his  prede- 
cessors:— ^*  Torpedo  viva  apposita  diutumum  capitis  dolore 
depellit,  et  prolabentem  sedem  intrdpellit  morfua  yerd,  aut  om- 
nino  non,  aut  modice  hsec  facit."  I 

Paulus  JSgineta  (end  of  the  sixth  or  the  beginning  of  the 
seventh  century),  who,  as  his  learned  commentator,  Dr  Francis 
Adams,  tells  us,  **  continued  to  be  looked  up  to  as  one 
of  the  highest  authorities  in  medicine  and  surgery  during  a 
long  succession  of  ages,"  thus  condenses  the  opinions  of  his 
predecessors : — ^*'  Torpedo  ;  when  applied  to  the  head,  while 
still  alive,  in  cases  of  headache,  it  procures  relief  to  the  pain, 
probably  by  its  peculiar  property  of  producing  torpor ;  and 
the  oil  in  which  the  living  animal  has  been  boiled,  when 
rubbed  in,  allays  the  most  violent  pains  of  the  joints.''  §  The 
accomplished  scholar,  whose  translation  I  have  quoted,  refers, 
in  the  relative  commentary  and  elsewhere  (op.  dt^  vol.  i.  p. 
869),  to  the  general  employment  of  the  torpedo  by  the  Greek, 
Boman,  and  Arabian  physicians,  adding  the  significant  query 

*  De  Comp.  Medicament,  cap.  1,  from  "  Medica  Artis  Principes/'  vol.  iii. 
p.  196. 

t  CkJen'8  Worke,  edited  by  Kjihii,  vol.  zii.  p.  365.  Reference  is  also  made 
by  Galen  to  the  power  of  the  torpedo  in  producing  numbness  or  torpor,  in 
ToLiv.  p.  497,  vol.  vii.  p.  109,  and  in  voLviii.  p.  72,  and  p.  421,  in  the  same 
edition  of  Oalen. 

}  Tetrabiblon  I.  Sermo  iL  cap.  dzxxv.,  from  '*  Medica  Artis  Principes," 
▼oL  ii.  p.  96. 

§  The  Seven  Books  of  Panlns  ^gineta,  translated,  Ac,  by  Francis  Adaiiifl» 
published  by  Sydenham  Society,  vol.  ill.  p  266.    See  also  voL  i.  p.  369. 
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— '^  Is  not  this  an  application  of  the  principle  of  galvanism  in 
medicine  I'' 

Marcellns  (whom  I  quote  oat  of  order)  prescribes  standing 
on  a  live  black  torpedo,  on  a  moist  shore  which  has  been  washed 
by  the  sea,  till  torpor  is  felt  through  the  feet  up  to  the  knee, 
as  a  cure  for  gout.* 

From  these  accounts,  and  especially  from  that  of  Scribonius 
Largus,  it  appears  that  in  the  treatment  of  severe  and  obsti- 
nate headache,  e.^.,  the  torpedo  was  laid  on  the  aching  head, 
or  aching  part  of  the  head,  and  left  there  till  it  had  thoroughly 
benumbed  it.  The  fish  was  probably  wetted  occasionally  with 
sea-water  (as  Marcellus  plainly  intends),  or  immersed  in  it, 
otherwise  it  must  soon  have  ceased  to  be  *'  torpedo  viva  f 
but  whether  dead  or  alive,  its  good  effects  must  have  frequently 
been  owing  as  much  to  its  acting  as  a  cold  poultice  or  wet 
bandage,  as  to  its  efficiency  as  an  electric  machine.  It  was 
faith,  however,  in  its  electrical  powers  that  led  to  its  therapeutic 
use ;  and  this  is  all  that  concerns  the  present  inquiry. 

How  early  the  torpedo  was  employed  in  medicine  cannot  be 
precisely  determined.  The  labours  of  Daremberg  and  his 
colleagues  will  doubtless  throw  light  on  this  point ;  but  as  Scri- 
bonius Largus,  Pliny,  and  other  writers  of  the  first  century,  all 
describe  the  medical  use  of  the  torpedo,  and  Asclepiades  and 
Nicander  refer  to  it  a  century  earlier,  it  at  least  dates  from 
before  the  Christian  era.  It  is  probable,  also,  that  the  ancient 
physicians  borrowed  their  torpedinal  remedy  from  the  Medi- 
terranean fishermen  long  after  they  had  acquired  faith  in  it ; 
and  altogether  we  may  safely  say,  in  round  numbers,  that  the 
electrical  machine,  as  embodied  in  the  torpedo,  is  at  least  2000 
years  old.  It  is  probably  very  much  older,  for  barbaric  na- 
tions love  what  the  French  call  '*  heroic"  remedies;  and  the 
shock  of  the  provoked  torpedo  is  likely  to  have  been  held  me- 
dicinal by  the  earliest  fishermen  of  the  Mediterranean  sea. 
It  would  be  interesting  to  ascertain  whether  the  Italian  sailors 
of  the  present  day  have  any  traditional  respect  for  the  torpedo 

*  "Aldrovandus  de  PiBcibuB,  lib.  iii.  cap.  45.  De  Torpedine,  §  (Jtus  in 
Hedicina."  To  this  elaborate  work,  which  contains  the  whole  literature  of  the 
ancient  remedial  use  of  the  torpedo,  I  would  refer  those  who  with  to  prosecute 
farther  the  medical  aspect  of  a  question  discussed  here  only  in  its  relation  to 
physics  proper. 
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as  a  medieiner.  It  is  sold  in  the  Neapolitan  markets  as  an 
article  of  food;  but  I  do  not  know  if  Galen's  successors 
agree  with  him  in  imputing  to  it  medicinal  virtues  after  it  is 
cooked.  Apparently  not,  but  the  naturalists  and  electricians 
of  Italy,  a  country  prodigal  of  both,  will  enlighten  us  on  this 
not  unimportant  matter. 

Another  electric  fish  besides  the  torpedo  was  known  to  the 
civilized  nations  of  antiquity,  and  to  nations  whose  civilization 
is  of  much  earlier  date  than  that  of  the  Greeks  and  Bomans. 
The  Nile  breeds  one,  if  not  more  electrical  fishes;  and  when  we 
remember  what  an  inquisitive,  intelligent  people  the  ancient 
Egyptians  were,  and  that  both  their  medical  skill  and  their 
practice  of  animal  worship  were  likely  to  interest  them  in  the 
singular  endowments  of  the  electric  fish,  we  may  well  expect 
to  find  its  powers  chronicled,  if  not  employed,  by  their  priests 
and  physicians.  As  yet,  however,  nothing  has  been  extracted 
from  either  the  hieroglyphics  or  the  paintings  on  the  tombs  to 
fulfil  this  expectation.  A  very  competent  authority,  indeed, 
adduces  the  absence  of  pictorial  representations  of  the  Nile 
fish  from  the  Egyptian  monuments  as  a  proof  of  the  spe- 
cial esteem  with  which  it  was  regarded.  "  It  might  reason- 
ably be  expected,"  says  Sir  J.  Gardner  Wilkinson,  "  that  the 
raadf  or  electric  fish  of  the  Nile,  would  be  one  of  the  most  sa- 
cred, and  forbidden  for  food ;  and  it  seems  not  to  be  repre- 
sented among  those  caught  in  the  ancient  fishing  scenes."  He 
adds  regarding  it — "  It  is  a  small  fish,  and  the  one  I  saw 
measured  little  more  than  a  foot  long  by  four  inches  in  depth, 
but  it  had  the  power  of  giving  a  very  strong  shock.  It  is  the 
MetapterurtM  (Malapterurus  ?)  electricus,  and  may  have  been 
the  ancient  Laius^**  Thus  far  Egyptian  antiquity  is  silent  as 
to  the  very  existence  of  an  electric  fish ;  but  the  name  by  which 
the  malapterurus  is  known  to  the  modem  Egyptians,  has  been 
referred  to  as  proving  that  their  predecessors  had  more  or  less 
precisely  ascertained  that  the  same  force  which  is  present  in 
the  thunder-cloud  is  present  in  the  shock-giving  fish.  If  this 
view  is  well  founded,  it  is  difficult  to  say  how  remote  the  pe- 
riod is  to  which  we  must  carry  back  the  commencement  of 

*  Popular  Account  of  Ancitnt  Egyptians,  vol.  ii.  p.  192. 
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electrical  science^  if  not  also  of  electrical  art.  Mr  Murray 
embodies  the  questionable  view  of  this  subject  in  the  state- 
ment, "  the  silurus  of  which  we  have  to  speak  is  the  ailunta 
of  the  Nile  {Malapteruru8  electricus)^  called  raasch  [query 
raad  ?]»  or  thunder-fish,  by  the  Arabs."* 

Wilkinson,  referring  to  the  same  subject,  says,  *^  The 
name  ra^  ('  thunder')  is  yery  remarkable,  since  the  modem 
Egyptians  are  quite  ignorant  of  its  peculiar  powers ;  and  if  it 
was  borrowed  by  them  from  their  predecessors,  the  question 
naturally  arises,  Were  they  acquainted  with  electricity  %  "t 
The  author  probably  intends  here  by  "  predecessors,"  the 
more  ancient  Egyptians,  on  whose  customs  and  character  he 
has  thrown  so  much  light.  As  the  word  raad^  however,  is 
Arabic,  its  origin,  though  ancient,  may  be  much  later  than 
the  latest  of  the  Pharaohs.  Assuming,  as  should  seem,  this 
view,  Alexander  Von  Humboldt  asks,  *^  Did  an  ingenious 
and  lively  people,  the  Arabians,  guess  from  remote  antiquity 
that  the  same  force  which  inflames  the  vault  of  heaven  in 
storms  is  the  living  and  invisible  weapon  of  inhabitants  of  the 
waters  \  It  is  said  that  the  electric  fish  of  the  Nile  bears  a 
name  in  Egypt  that  signifies  thunder."  %  ^^  might  be  pleaded 
in  behalf  of  this  view  that  the  sagacious  Arabian  physician 
Averrhoes  explicitly  affirmed  of  the  torpedo,  as  Dr  Badham 
notices,  that  ''  the  power  which  this  fish  possesses  of  afiect- 
ing  the  skin,  seems  to  be  of  a  kind  analogous  to  that  by  which 
the  magnet  acts  upon  steel,"§  and  would  have  extended  this 
explanation  to  the  silurus.  To  what  extent,  however,  this 
ambiguous  utterance  is  to  be  understood  as  implying  the  dis- 
covery by  Averrhoes  of  the  bond  which  modern  science  has 
shown  to  unite  electricity  and  magnetism,  and  the  expression 
by  himself  or  his  countrymen  of  this  truth  in  the  name  given 
to  the  silurus,  it  is  needless  to  inquire^  till  we  have  disposed 
of  the  philological  question.  Does  the  word  ra^  really  sig- 
nify thunder-fish  %  The  reply  must  be  in  the  negative.  Hum- 
boldt himself  became  satisfied  of  this,  and  states  in  a  note  to 

«  Edm.  PhiL  Jour^  Jalj  1855,  p.  47. 
t  Popular  Account  of  Ancient  Egyptians,  toI.  li.  p.  192. 
X  Personal  Narrative;  :6ohn's  Edition,  vol.  ii.  p.  131. 
§  Prose  Halieatics,  p.  467. 
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the  passage  already  quoted,  **  It  appears,  howeyer,  that  a  dis- 
tinction is  to  be  made  between  rahd,  thunder,  and  rahadh^  the 
electrical  fish ;  and  that  this  latter  word  means  simply  *  ihat 
which  causes  trembling.*  "  • 

The  question  is  one  which  only  Arabic  scholars  can  answer, 
and  I  have  accordingly  referred  it  to  Mr  Edward  Stanley 
Poole,  a  learned  Orientalist,  whose  decisiye  reply  I  give  in 
full : — "  I  fear  the  electric  fish  of  the  Nile  will  not  sustain 
the  credit  of  my  ancient  Egyptian  friends  for  scientific  know- 
ledge. The  Arabic  appellation  of  the  fish  in  question,  namely 
r<za^ddf  is  certainly  given  to  it  on  account  of  its  causing  trem- 
bling. This  is  sufficiently  plain,  from  a  comparison  of  words 
from  the  same  root ;  and  is  expressly  asserted  in  an  excellent 
Arabic  work  *  AbdoUatiphi  Histories  ^gypti  Compendium,* 
p.  82.  The  Arabic  appellation  of  thunder  is  somewhat  dif- 
ferent (raad)y  and  has  evidently  originated  from  the  supposi- 
tion that  thunder  is  a  trembling,  or  a  state  of  agitation  of 
the  clouds  ;  or  from  its  being  a  cause  of  trembling.  For  the 
former  of  these  two  derivations  we  have  the  authority  of  EI- 
Beyd&wee  (*  Commentary  on  the  Kur-&n,'  ch.  ii.  v.  18). 
'  Kaa'&d'  is  a  generic  noun,  and  '  Baa'&deh'  is  a  noun  of  unity, 
meaning  a  single  fish  of  the  kind  called  *  Baa'&d.' 

"  My  reading  of  these  words  admits  of  no  doubt,  and  is 
well  known  to  Arabic  scholars.'* 

The  modem  Arabic  name  of  the  Nile  electric  fish  thus  does 
not  justify  the  conclusion,  that  the  Egyptians  of  past  or  present 
times  believed  that  the  shock  of  the  fish  was  the  same  in  nature 
as  a  lightning-shock.  A  name  exactly  equivalent  in  meaning 
is  given,  as  Humboldt  incidentally  informs  us,  to  the  gymnotus 
as  well  as  the  torpedo,  by  the  South  American  Spaniards  **  who 
confound  all  electric  fishes  under  the  name  of  temhladores, 
literally  "  tremblers,"  or  "  producers  of  trembling."! 
'  At  the  present  day  the  silurus  of  the  Nile  is  sold  in  the 
markets  of  Cairo,  and  used  as  food. 

The  second  point  to  be  considered  is  the  extent  or  generality 
of  the  practice  of  using  electrical  fishes  as  shock-machines.  In 

*  Penonal  Narrative,  vol.  ii.  p.  131. 
t  Ibid.,  Tol.  ii.  p.  113. 
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this,  however,  as  in  other  matters,  it  will  be  found  that  exten- 
sion in  space  to  a  great  degree  corresponds  to  duration  in 
time. 

In  ancient  epochs  the  torpedo  was  probably  employed  medi- 
cally on  all  the  shores  of  the  Roman  empire,  including  our 
own,  which  it  visited,  and  traces  of  its  therapeutic  use  pro- 
bably survive  in  some  of  them  to  the  present  day.  I  am  un- 
able, however,  to  indicate  any  such  traces  more  precise  than 
the  recognition  of  the  shock-giving  powers  implied  in  its  ver- 
nacular titles,  such  as  the  Maltese  *'  name  of  Haddayla,  a 
term  which  has  reference  to  its  benumbing  powers  ;"•  the 
French  one.  La  Tremble;  and  the  English,  specially  expressive 
names,  cramp-fish  and  num^-fish. 

One  modern  people,  however,  makes  use  of  the  torpedo  ex- 
actly as  the  ancients  did,  though  whether  as  a  tradition  from 
the  Mediterranean  electro-physicians,  or  as  an  independent  dis- 
covery, I  have  not  the  means  of  ascertaining.  The  Abyssinians, 
Dr  Badham  tells  us,  employ  the  torpedo  (I  presume  from  the 
Red  Sea)  in  the  treatment  of  fever.  "  The  patient  is  first 
strapped  to  a  table,  and  the  numb-fish  then  applied  successively 
over  every  organ  of  the  body :  the  operation  is  reported  to  be 
both  very  painful  and  very  successful."t 

It  is  likely,  from  what  I  have  to  mention  of  other  nations 
and  other  electric  fishes,  that  the  torpedo  is  still  employed  on 
many  shores. 

Next  to  the  torpedo,  the  gymnotus  is  the  most  famous 
among  electrical  fishes,  and  it  is  by  far  the  most  powerful. 
The  shock,  indeed,  of  a  large  gymnotus  is  so  severe,  that  no 
lover  of  heroic  remedies,  having  one  at  command,  need  long 
for  a  magneto-electric  coil  machine.  Several  species  or  varie- 
ties of  the  fish  occur,  as  Humboldt  tells  us,  in  the  large  rivers 
of  South  America,  the  Orinoco,  the  Amazon,  and  the  Meta, 
besides  frequenting  their  tributaries,  and  the  smaller  streams 
of  an  extensive  bordering  region.  They  have  accordingly 
been  familiar  for  centuries  to  the  Indians,  who  are  constantly 
reminded  of  their  presence,  even  in  rivers  too  deep  to  let  them 
be  caught  or  frequently  seen,  by  the  shocks  which  they  feel 

*  Noad*8  Electricity,  3d  edit.,  vol.  i.  p.  241. 

t  Prose  Balieatici,  p.  469.     Badham  does  not  give  his  authority. 
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when  bathing  or  swimming  in  the  ri^er.*  The  shallower 
etreamsy  also,  and  basins  of  stagnant  water,  near  the  sources 
of  the  Orinoco  and  elsewhere  are,  in  this  writer's  words, 
"  filled  with  electrical  eels,"  so  that  their  shock-giying  powers 
are  forced  upon  the  attention  of  all  visiting  those  districts; 
and  we  cannot  but  feel  curious  to  know  whether  any  thera- 
peutic use  has  ever  been  made  of  liying  machines  so  power* 
ful.  At  first  sight  it  might  appear  that  their  very  power 
had  prevented  their  use.  Humboldt  mentions  that  '^  the 
dread  of  the  shocks  caused  by  the  gymnoti  is  so  great,  and  so 
exaggerated  among  the  common  people,  that  during  three 
days  we  could  not  obtain  one,  though  they  are  easily  caught, 
and  we  had  promised  the  Indians  two  piastres  for  every  strong, 
vigorous  fish.''t  -^i^d  that  this  fear,  however  exaggerated,  is 
in  the  main  well  founded,  is  rendered  certain  by  the  unex- 
ceptionable testimony  of  Humboldt  himself,  not  only  in  his 
famous  account  of  the  battle  between  the  wild  horses  of  the 
savannahs  and  the  gymnoti,  whose  favourite  pools  they  re- 
luctantly invaded,  but  also  in  his  description  of  the  effect  of 
a  gymnotus-shock  received  in  full  force  by  himself. 

"  It  would  be  temerity,*^  says  he,  ^'  to  expose  ourselves  to 
the  first  shocks  of  a  very  large  and  strongly-irritated  gymno- 
tus.  If  by  chance  a  stroke  be  received  before  the  fish  is 
wounded  or  wearied  by  long  pursuit,  the  pain  and  numbness 
are  so  violent  that  it  is  impossible  to  describe  the  nature  of 
the  feeling  they  excite.  I  do  not  remember  having  ever  re- 
ceived from  the  discharge  of  a  large  Leyden  jar  a  more 
dreadful,  shock  than  that  which  I  experienced  by  imprudently 
placing  both  my  feet  on  a  gymnotus  just  taken  out  of  the  wa- 
ter. I  was  affected  during  the  rest  of  the  day  with  a  violent 
pain  in  the  knees  and  in  almost  every  joint.  To  be  aware  of 
the  difference  that  exists  between  the  sensation  produced  by 
the  voltaic  battery  and  an  electric  fish,  the  latter  should  be 
touched  when  they  are  in  a  state  of  extreme  weakness.  The 
gymnoti  and  the  torpedos  then  cause  a  twitching  of  the  muscles, 
which  is  propagated  from  the  part  that  rests  on  the  electric 
organs,  as  far  as  the  elbow.  We  seem  to  feel  at  every  stroke 
an  internal  vibration,  which  lasts  two  or  three  seconds,  and  is 

*  Pergonal  KarrAtive ;  Bohn'i  edition,  vol.  ii.  p.  118. 
t  Op.  et  loe.  cit. 
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followed  by  a  painful  numbness.  Accordingly,  the  Tamanac 
Indians  call  the  gymnotus,  in  their  ezpressiye  language, 
arimna^  which  means  '  something  that  deprives  of  motion.'  "* 
We  cannot  wonder,  then,  that  the  Indians  who  had  had  expe* 
rienees,  such  as  Humboldt  underwent,  and  who,  unlike  the 
philosopher,  were  unacquainted  with  the  limits  within  which 
the  shock-giving  power  of  the  gymnotus  is  restricted,  should 
be  unwilling  to  provoke  its  anger.  This,  however,  has  not 
kept  them  from  employing  it  in  medicine.  All  my  information 
on  this  point  is  derived  from  Humboldt,  and  he  does  not  enter  in- 
to details,  but  the  following  statement  is  sufficiently  explicit: — 
**  In  Dutch  Guiana,  at  Demerara  for  instance,  electric  eels 
were  formerly  employed  to  cure  paralytic  affections.  At  a 
time  when  the  physicians  of  Europe  had  great  confidence  in 
the  effects  of  electricity,  a  surgeon  of  Essequibo,  named  Van 
der  Lett,  published  in  Holland  a  treatise  on  the  Medical  Pro- 
perties of  the  Gymnotus.  These  electric  remedies  are  prac- 
tised among  the  savages  of  America,  as  they  were  among  the 

Qreeks."t 

I  have  not  been  able  to  obtain  sight  of  Van  der  Lett's 
work,  but  Humboldt  plainly  records  the  Indian  use  of  the 
gymnotus  in  medicine  as  a  device  of  the  Americans,  not  an 
imitation  of  European  practice.;^ 

From  a  further  statement  it  appears  that  the  Spaniards 
had  not  taught  this  practice  to  the  Indians,  or  borrowed  it 
from  them.  ''  I  did  not,"  observes  Humboldt,  '*  hear  of  this 
mode  of  treatment  in  the  Spanish  colonies  which  I  visited ; 
and  I  can  assert  that,  after  having  made  experiments  during 

*  Op.  cit.,  Tol.  ii.  p.  119.  t  Op.  et  loc.  cit 

}  We  are  indebted  to  the  Datch  for  our  earliest  knowledge  of  the  gymnotus. 
Muscbenbroeck  (1762)  quotes  several  of  his  countrymen  as  having  written  regard- 
ing it,  and  refers  generally  to  the  '*  Acta  Haarlemensia,"  as  containing  farther 
Information  on  the  subject.  He  does  not,  however,  make  any  aUusion  to  its 
medical  use,  although  dwelling  in  ezaggeratod  terms  on  its  electrical  powers 
(Introd.  ad  Phiiosoph.  Natur.,  §  902-906).  It  is  probable,  nevertheless,  that 
in  the  archives  of  the  societies  of  HoUand,  references  to  the  therapeutic  em- 
ployment of  the  gymnotus  by  the  Indians  will  be  found.  Priestley,  who  quotes 
Muachenbroeck,  but  does  not  appear  certain  whether  the  gymnotus  is  not  a  sea 
as  weU  as  a  river  fish,  adds  a  fact  on  the  authority  of  Fermin  (Nat.  Hist,  of 
Bnrinam,  p.  59),  which  is  of  some  interest,  as  the  sequel  will  show.  One  of  the 
Surinam  electric  fishes  (probably  a  species  or  variety  of  gymnotus)  is  called 
"  AnguiUe  tremblante,  the  trembling  eel."  (History  of  Electricity,  vol.  i.  p.  498.) 
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four  hours  successively  with  gymnoti,  M.  Bonpland  and  mj- 
self  felt  till  the  next  day  a  debility  in  the  muscles,  a  pain  in 
the  joints,  and  a  general  uneasiness,  the  effect  of  a  strong  irri* 
tation  of  the  nervous  system.''* 

On  this  point  it  remains  to  state,  that  even  in  Europe  the 
gymnotus  has  been, used  as  an  electric  machine  in  the  end  of 
last  century.  One  sent  from  Surinam  to  Stockholm  lived 
more  than  four  months  in  a  state  of  perfect  health.  '*  Persons 
afflicted  with  rheumatism  came  to  touch  it  in  hopes  of  being 
cured.  They  took  it  at  once  by  the  neck  and  tail :  the  shocks 
were  in  this  case  stronger  than  when  touched  with  one  hand 
only.  It  almost  entirely  lost  its  electrical  power  a  short  time 
before  its  death."t  In  this  case,  the  gymnotus  was  known  to 
yield  electricity  by  those  who  employed  it ;  but  the  practice 
was  probably  borrowed  from  the  aborigines  of  its  native  coun- 
try. At  all  events,  it  is  quite  certain  that,  alike  without 
knowledge  of  artificial  electrical  machines,  or  acquaintance 
with  the  therapeutic  uses  to  which  the  Greeks  and  Komans 
put  the  torpedo,  the  wild  Indian  doctors  had  made  trial  of 
the  healing  electric  virtues  of  the  living  gymnotus. 

Within  the  last  three  years  a  new  electric  fish  has  become 
known  to  us,  belonging  to  the  same  genus  as  the  silurus  or 
malapterunts  of  the  Kile.  It  is  found  in  the  muddy  brackish 
water  of  the  River  Old  Calabar,  near  Greek  Town,  which  lies 
about  sixty  miles  up  that  river.  This  stream  empties  itself 
into  the  Bight  of  Benin,  within  a  short  distance  from  the  delta 
of  the  Niger,  in  lat.  5^°  north,  and  long.  8°  east.  The  fish, 
accordingly,  has  been  named  the  Malapterurus  Beninensis  by 
Mr  Andrew  Murray,  who  has  described  and  figured  it  in  the 
Edinburgh  PhilosopJdcal  Journal  for  July  1855,  p.  49.  J 

We  are  indebted  to  the  zealous  and  intelligent  missionaries 
of  the  United  Presbyterian  Church  of  Scotland,  resident  at  dif- 

*  Op.  et  lo€.  cit.  t  Quoted  by  Humboldt,  Personal  Narrative,  vol.  iu  p.  12I« 
X  Mr  Murray's  description  of  the  Malapterurtu  Benin^nris  is  preceded  by 
an  interesting  rtntmi  of  the  natural  history  of  electric  fishes.  An  important 
supplement  to  this  paper  is  given  in  the  Edinburgh  PhiU>»opkieal  Journal  for 
October  1856,  which  also  contains  a  very  valnable  "  Review  of  the  present  state 
of  Organic  Electricity/'  by  Professor  Goodsir  of  Edinburgh.  The  electrical 
powers  of  the  living  malapterurus  are  at  present  under  investigation,  and  tbe 
authors  named  above  will  in  due  time  make  the  results  known.  I  confine  my- 
self solely  to  the  special  point  of  which  this  paper  treats. 
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ferent  stations  on  the  River  Old  Calabar,  for  our  knowledge  of 
the  new  species  of  electric  fish.  Quite  recently  they  have  sent 
home  living  specimens,  some  of  which  are  now  in  Edinburgh ; 
and  through  the  kindness  of  Professor  Goodsir  and  Mr  Murray, 
I,  along  with  others  interested  in  the  electric  energies  of  the 
animal,  have  had  the  opportunity  of  observing  their  shock- 
giving  powers.  The  shock  is  a  sharp  one,  felt  from  the 
fingers  to  the  wrist,  the  elbow,  or  the  shoulder,  according  to 
the  activity  of  the  animal,  and  the  position  in  regard  to  it  of 
the  hands  of  the  experimenter.  The  fish  varies  in  length  from 
two  to  twelve  inches,  is  sluggish  in  its  general  movements,  but 
retentive  of  vitality  and  electrical  energy  even  in  unfavourable 
circumstances. 

As  soon  as  my  attention  was  ttomed  to  the  remedial  em- 
ployment of  electric  fishes,  I  proceeded  to  inquire  whether  the 
Africans  along  the  Old  Calabar  river  made  any  therapeutic 
use  of  its  malapterurus.  But  before  my  inquiries  were  com- 
pleted, I  learned  that  the  natives  did  make  this  use  of  the  fish. 
In  truth,  the  fact  had  been  published  by  Mr  Murray  two  years 
ago,  but  I  had  overlooked  the  circumstance.  The  statement 
which  is  quoted  below,  is  the  more  interesting,  that  it  was  not 
furnished  in  reply  to  queries,  but  was  volunteered  by  Mr 
W.  C.  Thomson,  who  was  stationed  for  several  years  at  the 
Creek  Town  Mission  station  on  the  Biver  Old  Calabar.  Mr 
Murray  says : — ''  Mr  Thomson  tells  me  that  the  electric 
properties  of  the  fish  are  made  use  of  by  the  natives  as  a  cure 
for  their  sick  children.  The  fish  is  put  into  a  dish  contain- 
ing water,  and  the  child  made  to  play  with  it :  or  the  child  is 
put  in  a  tub  or  ofcher  vessel  with  water,  and  one  or  more  of 
the  fish  put  in  beside  it.  It  is  interesting  to  find  that  a  remedy 
which  has  only  of  recent  years  come  into  favour  among  our- 
selves^should  have  been  already  anticipated  by  the  unlettered 
savage,  who  probably  has  had  the  remedy  handed  down  to 
him  by  tradition  from  remote  generations."* 

Unaware  of  this  very  precise  announcement  and  inference, 
I  applied  to  the  Rev.  W.  Anderson,  who  brought  from  Old 
Calabar  the  living  fishes  at  present  in  Edinburgh,  and  re- 
ceived the  following  answer : — 

"  In  reply  to  your  query,  I  have  to  state  that  I  am  not 

*  Edin,  PUL  Jcfwr.^  October  1856,  p.  379. 
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aware  of  any  statement  haying  been  published  in  reference  to 
the  remedial  properties  of  a  shock  from  the  fishes,  neither  hare 
I  oyer  seen  them  nsed  in  an j  waj  in  sport  ;*  bnt  Mrs  Ander- 
son, to  whom  belongs  all  the  credit  of  bringing  the  fishes  home, 
testifies  that  the  natiye  mothers  generally  keep  one  of  tiie 
fishes  in  a  natiye-made  bason,  and  that  on  washing  their  in- 
fants in  the  morning  the  practice  is  to  dip  either  the  hands  or 
the  feet  of  the  infant,  so  as  to  cause  it  to  reoeiye  a  shock. 
This  is  done,  they  say,  for  the  purpose  of  etrengthening  the 
child.  The  strong  and  the  healthy  haye  to  undergo  the  ope- 
ration as  well  as  the  weak  and  sickly."  And  that  the  fish  is 
not  an  inactiye  agent  in  this  singular  process  may  be  safely 
inferred  from  what  follows — "  So  far  as  Mrs  Anderson's  ob- 
seryation  goes,  there  is  no  liking  for  the  afiair  on  the  child^s 
part ;  plenty  of  struggling  and  squalling.  The  natiyes  use  the 
fish  as  food." 

A  third  and  independent  account  of  the  natiye  usages  in  re- 
ference to  the  malapterurus  has  been  kindly  furnished  to  me  by 
the  Rey.  Dr  Someryille,  who  obtained  it  from  Mr  John  B.  Wylie, 
recently  a  teacher  at  Creek  Town,  Old  Calabar,  but  at  present 
in  Edinburgh  on  sick  leaye.  Mr  Wylie  says :  *'  The  Calabar 
women  use  this  fish  in  the  following  manner :  They  put  one 
or  two,  according  to  size,  in  a  tub  of  water,  and  then  wash 
their  children  (infants)  in  the  tub  with  the  fish  and  all.  They 
must  haye  a  strong  sense  of  the  benefit  deriyed  from  this,  as 
in  general  they  dislike  doing  anything  which  makes  their  in- 
fants cry ;  and  this  process  makes  them  do  so  most  lustily. 
They  also  make  the  children  drink  a  great  quantity  of  the 
water  in  which  these  fish  haye  been.  I  haye  been  in  yards, 
and  seen,  on  seyeral  occasions,  the  process  described." 

The  ascription  of  remedial  yirtues  to  the  water  in  which  the 
malapterurus  has  been  kept^  is  a  fact  of  interest  when  taken 
in  connection  with  the  similar  opinion  entertained  by  the 
Greeks,  according  to  ^lian,  in  reference  to  the  water  in  which 
a  torpedo  had  lain. 

*  This  letter  is  dat«d  AugOBt  6,  1857.  Mr  ADderson  has  very  racentlj  r«> 
turned  to  this  ooontry,  and  whilst  at  Old  Calahar,  to  which  he  almoet  Imine. 
diately  goes  back,  was  shut  out  from  English  scientific  periodicals,  and  too  in* 
tently  occupied  with  his  religious  duties  to  make  iuTestigations  in  naturml 
history.  The  statement,  accordingly,  contained  In  his  letter  has  all  the  valua 
of  an  independent  testimony. 
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After  learning  these  facts,  I  was  anxious  to  ascertain  the 
native  name  of  the  malaptemrus.  Mr  Wylie  gives  it  as, 
"  Byak  eke  odumade  owe,"  "  Fish  which  bitee  man,  or  Electric 
FiahJ'*  The  Eev.  Mr  Anderson  enters  into  greater  detail.  "The 
native  name  of  the  electric  fish  is  Edidem  or  Edidim.  Edidem 
is  the  word  for  King,  or  rather  Emperor.  Old  Ihike  Ephraim, 
and  King  Eyamba,  too,  were  called  Edidem,  Le.,  absolute  mo- 
narchs,  for  they  did  what  they  pleased*  King  Eyo  is  not  Edi- 
dem ;  he  is  simply  Aboug,  a  chief,  lord,  ruler,  limited  monarch. 
Bat  the  word  dum  (pronounced  like  the  Scottish  tume, 
empty)  means  to  bite ;  and  if  the  fish  be  called  edidum  or 
edidim  (as  some  suppose  the  word  to  be  pronounced),  then  the 
meaning  is  (ke  biter,  or  {he  biting. 

I  cannot  here  express  any  opinion  as  to  the  correctness  of 
either  view.  The  word  may  mean  emperor,  the  biting,  or  it 
may  have  another  meaning  still,  ^*  Edi  idim,"  cent,  edidum, 
"it  is  in  the  spring,  or  comes  to  the  spring."  *  The  meaning 
of  the  name  is  thus  uncertain. 

After  the  triple  testimony  adduced,  it  will  nob  be  doubted 
that  the  employment  of  the  malapterurus  as  a  remedial  electric 
machine  is  an  established  practice  among  the  natives  of  Old  Ca- 
labar ;  and  few  will  question  the  justness  of  Mr  Murray^s  infer- 
ence, that  the  practice  is  one  of  great  antiquity  among  them. 

It  thus  appears,  that  the  nations  bordering  the  Mediter- 
ranean, the  Abyssinians,  the  Indians  of  South  America,  and  the 
dwellers  on  the  western  rivers  of  Africa,  have  independently 
used  the  torpedo,  the  gymnotus,  and  the  malapterurus  as 
living  shock-machines.  The  practice  certainly  dates  from 
before  the  Christian  era,  so  far  as  the  first-named  fish  is  con- 
cerned, and  in  all  probability  is  of  much  earlier  date  for  all 
the  electric  fishes. 

Two  conclusions,  accordingly,  seem  unavoidable ;  namely, 
1st,  That  the  oldest  electrical  machine  employed  by  mankind  was 

*  After  the  reading  of  this  paper  wascondaded,  Sir  John  Richardson  "read 
extracts  from  a  letter  to  Dr  Baikie,  now  engaged  in  exploring  the  Niger,  in 
which  that  gentleman  stated  that  he  had  met  with  an  electric  fish  in  Fernando 
Po,  and  which  Sir  J.  Richardson  helioTed  was  identical  with  the  malapterams, 
which  had  heen  described  by  Dr  Wilson,  from  the  coast  of  Old  Calabar.  The 
natives  called  this  fish  the  "  Tremble-fish"  (Athenmtm,  6th  September  1857). 
&Lr  John  Richardson  informed  me  afterwards,  that  he  understood  this  word, 
or  rather  its  African  equivalent,  to  be  of  native  origin,  and  not  a  translation 
from  anj  European  language.    This,  however,  is  not  quite  certain. 
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the  living  electric  fish ;  2d9  That  the  electrical  machine  moat 
familiar  to  mankind  is  also  the  electric  fish.  The  latter  con- 
clusion is  of  much  less  interest  to  myself  than  the  former ; 
and  daily  as  galvanic  batteries,  and  other  electrical  apparatus, 
are  more  widely  known,  it  will  become  less  significant.  But  as 
the  present  usages  of  uncivilized  nations  represent  their  past 
usages  back  even  to  a  remote  antiquity^  the  light  in  which  a 
barbaric  people  still  regards  creatures  so  remarkable  as  the 
electric  fishes  is  certain  in  most  cases  to  illustrate  the  history 
of  electrical  science  and  electrical  art.  Writing  as  a  physicist, 
I  would  remind  naturalists,  that  it  was  the  careful  study  of  the 
powers  of  the  torpedo  that  first  enabled  electricians  to  under- 
stand some  of  the  most  important  laws  of  action  of  their  artifi- 
cial machines  and  batteries.  I  have  elsewhere  pointed  out, 
that  in  Cavendish's ''  Account  of  some  Attempts  to  Imitate  the 
Effects  of  the  Torpedo  by  Electricity"  (Phil  Trans.  1776),  will 
be  found  the  first  enunciation  of  "  that  distinction  between  Cn* 
tensity  and  quantity  as  affecting  electrical  phenomena,  which 
has  since  proved  so  important  a  guide  to  the  explication  of 
electrical  problems.'**  Faraday  dwells  largely  on  this  point  ;t 
nor  does  it  admit  of  the  slightest  doubt,  that  inorganic  elec- 
tricity, both  as  a  science  and  an  art,  is  very  largely  indebted 
to  organic  electricity,  alike  for  the  explanation  of  the  laws 
which  it  obeys,  and  for  the  contrivances  by  which  it  works. 

Every  addition,  accordingly,  to  our  knowledge  of  the  elec- 
tric fishes  has  a  value  even  for  the  pure  physicist ;  and,  so 
far  as  the  present  inquiry  is  concerned,  it  is  important  to  re- 
member, that  we  are  as  yet  ignorant  how  many  such  fishes 
there  are,  and  not  less  ignorant  of  the  light  in  which  many  of 
those  known  to  exist  are  regarded  by  the  nations  familiar  with 
them.  Apart  from  the  marine  genera  not  yet  fully  investi- 
gated, there  is  every  reason  to  believe,  from  the  statements  of 
Humboldt  and  others,  that  undescribed  species  or  varieties  of 
the  gymnotus  occur  in  the  South  American  rivers.  Dr  Bartht 
in  his  recent  volumes,^  also  mentions  that  he  saw  at  Yo,  on  the 
north  shore  of  Lake  Tsad,  '<  a  specimen  of  the  electric  fish^ 

*  "  Life  of  Cavendish,"  printed  for  the  CavendiBh  Society,  1851,  p.  466, 
where  the  whole  qnestion  is  treated  at  length. 

t  "  Electrical  Researches,"  third  and  fifteenth  series,  Janoary  1833  and  fiTo- 
Tember  1838. 

{  "  Travels  and  Discoveries  in  Central  Africl^"  voL  iU.  p.  36. 


Electric  Machines  employed  by  Mankind.         287 

about  ten  inches  long^  and  very  faU  which  was  able  to  numb 
the  arm  of  a  man  for  several  minutes.^* 

Wherever  they  occur,  it  woald  be  of  interest  to  learn  from 
the  natives  familiar  with  them, — Isty  What  therapeutic  or 
other  virtues,  good  or  bad,  they  attribute  to  them.  2rf,  To 
what  cause  or  source  they  impute  their  electrical  powers.  3^, 
By  what  name  they  distinguish  them.  The  name  alone,  fully 
interpreted,  would  often  supply  some  answer  to  the  firqt  two 
queries.  The  appellations  of  Electric  Fishes,  already  in  use, 
are  very  significant,  and  divide  themselves  into  two  groups. 
Those  in  the  first  refer  to  the  benumbing  or  deadening  sensa' 
Hon,  produced  by  the  zoo-electric  shock :  those  in  the  second 
to  the  involuntary  muscular  contractions,  convulsions,  or 
cramps,  which  follow  all  but  the  slightest  electric  shock.  To 
the  first  group  belong  the  Ghreek  term  mfd^xti,  the  Latin  Torpedo^ 
the  Maltese  Haddayla,  and  the  English  Numb-fish^  which  are 
exactly  equivalent  in  meaning,  and  recognise  mainly  that 
painful,  but  complex  nervous  sensation,  including  both  dead- 
ness  and  '  li  vingness,'  which  those  ignorant  of  electrical  shocks 
are  familiar  with  as  the  sensation  of  one's  foot  or  hand  asleep. 
The  Indian  {Tamanac)  name  for  the  gymnotus,  arimna,  trans- 
lated by  Humboldt,  *'  that  deprives  of  motion,"  belongs  to  the 
same  category,  but  perhaps  signifies  simply  ^*  deadening." 

To  the  second  group  belong  the  Arabic  Raa^dd^  the  French 
Tremble  and  Anguille  tremblante,  the  Spanish  Temblador 
and  Tembladera;  besides  the  Butch  Sidderaal;  German 
Zitteraal;  Swedish  Darrdl ;  and  Danish  Krampeaal;  names 
for  the  Gymnotus  signifying  Skudder-eel  or  Cramp-eel;  the 
African  word  translated  by  Dr  Baikie  Tremble-fish^  and  the 
English  Cramp-fish,  all  of  which,  but  especially  the  last, 
recognise  the  powers  of  the  creature  as  a  convulser  or  shock- 
giver. 

Some  of  those  words  are  doubtless  but  translations  of 
older  words  of  similar  import.  Others  are  as  certainly  inde- 
pendent applications  of  essentially  the  same  name  by  nations, 
each  of  whom  invented  the  term.  In  no  language  are  the 
titles  of  the  electric  fish  more  expressive  than  in  our  own. 
A  combination  of  the  English  names  for  the  torpedo,  so  as 
to  yield  the  term  Cramp-Numb-Fish^  would  most  happily 
designate  any  one  of  the  electric  fishes. 
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On  the  suhfed  of  Mountain  Climates.  By  Br  Abchibaju) 
Smith,  in  a  Letter  to  ihe  Editors  of  As  Edmburgh  New 
Philosophical  Journal. 

Gentlbhen, — ^BLaving  resided  as  a  medical  practitioner  for 
about  twenty  years  in  Pern,  traversed  its  mountains  and  valleys, 
and  attended  mnch  to  the  different  Andine  climates  and  diseases, 
as  modified  by  elevation  above  the  sea,  it  is  not  without  satiafiio- 
tion  I  now  see  those  subjects  taken  up,  and  communicated  far  and 
near,  in  the  pages  of  your  accredited  Journal. 

But  as  I  believe  accuracy  in  the  observation  and  statement  of 
facts,  to  be  a  sine  qua  tian  in  the  progress  of  all  scientific  investi- 
gation, I  b^  leave  to  invite  your  attention  to  some  inaccuracies 
which  appear  to  have  crept  into  the  valuable  article  on  *^  Moun> 
tain  Climates  considered  in  a  Medical  point  of  view,"  published  in 
your  recent  number  for  July  1857,  by  Dr  Lombard,  from  the 
Biblioth^ue  Universelle  de  Gendve. 

Without  strict  regard  to  the  order  of  arrangement  pursaed  by 
the  writer  of  the  article  referred  to,  I  shall  at  once  take  upon  me 
to  offer  some  restrictions  on  the  statement  about  dogs  and  cats 
(p.  13). 

*'  Cats  cannot  live  at  an  elevation  above  13,000  feet;  earned 
to  this  height,  they  invariably  sink,  after  being  seized  with  very 
singular  shocks  of  tetanus." 

**  Dogs  bear  up  longer  than  cats,  especially  if  they  have  been 
M^helped  in  the  country.  Conveyed  to  these  regions,  they  may 
continue  to  live  there  for  one  or  more  years,  although  seized  with 
convulsive  movements  very  like  those  in  young  dogs  when  attacked 
with  the  dog  malady." 

On  the  perusal  of  the  supposed  facts  here  asserted,  I  was  so 
surprised,  that  to  make  assurance  in  my  own  mind  doubly  certain, 
I  immediately  wrote  to  a  friend  just  returned  &om  Peru,  for  more 
precise  information  about  travellers'  tales  so  novel  as  this  extra- 
ordinary story  about  dogs  in  particular.  The  friend  to  whom  I 
allude  is  Mr  William  Donavon,  who  passed  thirty  years  in  that 
country,  where  he  is  universally  known  and  respected,  and  re- 
markable for  his  truthfulness  and  sineerity  of  character,  as  well 
as  the  extent  and  accuracy  of  his  information  concerning  the  Puna 
districts  of  the  Andes,  where  he  long  and  successfully  employed 
himself  at  the  mines.  The  following  is  his  reply  to  my  inquiries 
in  a  letter  dated  London,  4th  July  1857  :-— 

'^  As  to  cats  in  the  Punas,  we  have  them  at  Casacancha,  Paica- 
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mayOy  Huallay,  in  Gerro-Pasco,  and  in  the  hadendas  around  the 
Gerro.  But  I  have  always  seen  them  look  very  stupid  and  inac- 
tive,  always  stowed  away  near  the  estufa  or  huchara  (the  fire- 
places), as  they  could  not  hear  the  cold.  Moreover,  you  know 
there  are  no  mice  nor  rats  in  the  Punas  to  call  their  attention. 
They  do  not  live  long  there."  Now  to  say  that  cats  "  do  not  live 
lon^'  in  the  above-mentioned  localities  (not  one  of  which  is  under 
13,000  feet,  while  Cerro-Pasco  is  considerably  above  14,000  feet), 
is  not  the  same  as  to  affirm  that  they  *'  cannot  live"  at  these 
heights.  It  appears  that  they  do  live,  though  they  be  not  long- 
lived  in  those  inhospitable  climates,  foreign  alike  to  their  consti- 
tutions and  natural  pursuits  : — they  inhabit  those  regions. 

As  to  dogs,  again,  Mr  Donavon  writes, — ''  In  the  year  1843,  I 
took  to  the  Cerro  a  young  bull-terrier  bitch.  She  used  to  go  out 
with  me  every  day,  and  hunt  the  llamas  on  the  Pampas.  I 
brought  her  down  to  Lima  with  me  once  or  twice.  She  never  had 
a  fit ;  but  her  puppies  always  died  ;  for  with  the  cold  she  could  not 
rear  one.  Old  Hodge*  had  a  pointer  and  spaniel  there  for  several 
years,  and  my  bitch  lived  to  the  year  1852,  being  then  about  nine 
years  old.  In  all  the  mineral  <  haciendas'  (grinding  and  amaU 
gamating  establishments),  you  have  numbers  of  dogs  from  the 
coast  and  Quebradas,  and  they  breed  there.  As  to  the  shepherd's 
dogs,  on  the  very  coldest  Punas  you  will  find  thousands  of  them." 

Though  from  memory  I  cannot  speak  with  precision  concern- 
ing the  cats,  as  my  friend  Donavon  is  able  to  do,  I  can  certainly 
confirm,  and  that  very  emphatically,  what  he  says  above  of  the 
dog  species.  A  dog  of  my  own,  cross-bred  between  an  English 
pointer  mother  and  a  Newfoundland  father,  lived  many  years  at 
the  mines  of  Cerro-Pasco  ;  and  hundreds  and  thousands  of  other 
dogs  besides,  of  which  some  were  water  dogs,  others  for  the  chase, 
but  most  of  all  sheep  and  watch  dogs  ;  nor  can  I  charge  my  re- 
collection in  any  way,  that  dogs  from  the  warmer  valleys  that  have 
got  over  the  dog-sickness  there,  are  unusually  liable  to  convulsions 
on  their  arrival  at  the  mines.  I  remember  one  instance  of  a  bull- 
terrier  belonging  to  a  Cornish  miner  falling  down  dead,  I  believe 
of  apoplexy,  while  jumping  up  and  fondled  by  his  master, — a  soli- 
tary case,  which  might  happen  anywhere. 

All  over  the  pastoral  slopes  of  the  Cordillera  and  Puna  ranges, 
up  to  the  line  of  permanent  snow  (at  15,000  fe^t  on  northern  as- 
pects), dogs  swarm  round  every  shepherd's  hut ;  and  troublesome 
customers  I  often  found  them  in  approaching  their  quarters,  which 
tihey  are  all  open-mouthed  to  defend  against  strangers.  And  woe  to 
the  sl^epherd  without  his  dogs,  for  then  his  flocks  would  be  scat- 
tered, and  his  substance  eaten  up  by  the  fox !  Wherever  there  are 
sheep  there  must  be  a  hardy  race  of  dogs  to  guard  them  on  the 

*  Captain  Richard  Hodge  of  Cornwall,  who  long  resided  in  Cerro-Paaoo. 
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lofty  Punas,  for  these  faithful  animals  always  keep  out  of  doors  hj 
night  to  watch  the  sheep  gathered  near  the  station,  where  the  shep- 
herd sleeps  warmly  in  his  hut. 

The  division  into  alpestrine  regions,  or  those  situated  abore 
6560  feet,  and  the  subalpine  below  this  limit,  which  is  said  to 
**  contain  the  greater  part  of  the  villages  or  establishments  to 
which  patients  are  sent"  (p.  9),  very  well  agrees  with  the  old 
distinction  of  Sierra  and  Costa  in  Pern« 

Thus,  the  coast  climates,  which  consist  of  many  gradations, 
extend  from  the  shores  of  the  Pacific  to  the  deep  gorges,  or  nar- 
row ravines  that  lead  to  the  •*  Sierra,"  which  begins  at  the  eleva- 
tion of  about  7000  feet,  the  usual  limit  of  the  rain-line  on  tbe 
western  slope  of  the  Andes.  The  coast  lands,  over  a  zone  of 
5000  feet,  immediately  underneath  the  rain-line,  are  rainless 
and  arid  in  perpetuity;  and  throughout  the  other  subjacent 
2000  feet  between  this  and  the  sea,  the  collines,  or  **  lomas,"  as 
they  are  called,  are  periodically  refreshed  by  sea-vapours  and 
drizzle,  and  then  they  become  covered  with  a  beautifolly  luxuriant 
flowery  verdure  up  to  their  very  tops.  This  coast  vegetation  is 
most  abundant  about  Lima  in  the  months  of  July,  August,  and 
September. 

But  though  the  "  Costa"  division  of  Peru  corresponds  very 
nearly  in  altitude  with  the  subalpine,  as  above  defined,  it  differs 
materially  in  the  other  characteristic  assigned ;  for  it  does  not  con- 
tain the  villages  or  establishments  to  which  patients  are  usually 
sent,  either  for  the  purposes  of  cure  or  convalescence.  Indeed, 
if  we  except  Chorrillos  as  a  sanitarium  for  Lima  in  the  winter 
months,  irrespective  of  sea-bathing,  the  climate  of  the  coast  all 
under  the  elevation  of  the  rain-line,  where,  as  I  have  said,  the 
Sierra  begins,  is  abandoned  by  those  in  search  of  restoration  to  a 
firm  state  of  health  for  the  more  invigorating  Sierra  or  Alpestrine 
regions.  And  when  the  sick  of  the  mountains  descend  to  the 
coast  for  recovery,  they  come  rather  in  search  of  a  physician  than 
of  a  mere  change  of  climate ;  for  the  climate  of  the  coast  is  that 
of  ague,  dysentery,  and  phthisis — diseases  little  known  in  the  more 
temperate  districts  and  villages  of  the  upland  country. 

The  term  "  Puna"  appears  to  be  used  in  Dr  Lombard^s  paper 
very  vaguely ;  and  I  know  of  no  such  place  as  "  the  Valley  of 
Puna,"  so  particularly  mentioned  at  p.  10.  The  word  Puna  is 
not  applicable  on  the  Andine  chains  to  any  one  spot  in  particu- 
lar, but  to  all  or  any  of  the  cold  tracts  of  natural  pasture-land 
above  the  elevation  of  12,000  feet,  where  com  cannot  attain 
maturity,  nor  lucern  admit  of  cultivation.  Small  patches  of  green 
barley  may  be  seen  in  the  little  inclosures  about  the  houses  in 
Cerro-Pasco;  but  even  at  Quinoa,  three  leagues  lower  down, 
barley  rarely  attains  to  perfect  ear  on  account  of  the  blighting 
frosts ;  but  'it  produces  plenty  of  *<  alcaser,"  or  barley  straw  cut 
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green,  to  feed  males  and  horses  with  in  the  Cerro.  And  this  leads 
me  to  say,  by  the  way,  that  the  climate  of  Quinoa  is  very  much' 
milder  than  that  at  the  mines,  and  resorted  to  with  certain  relief 
by  those  who  suffer  from  the  "  veta,"  •*  seroche,"  or  Puna  sick- 
ness (all  thQ3e  names  are  given  to  the  same  ailment),  in  the 
Cerro.  This  disease  is  seldom,  however,  so  durable  or  severe  as 
to  need  any  active  medical  treatment.  I  have  only  known  one 
instance  of  its  proving  fatal,  and  that  was  by  haemoptysis  on  the 
Puna,  at  Casacancha  or  Palcomayo.''^  The  victim  was  a  youth 
just  arrived  from  Spain,  of  a  full  habit  of  body,  and  florid  com- 
plexion. The  pulse,  though  much  accelerated  in  the  seroche  illness, 
soon  subsides  even  at  the  height  of  14,000  feet.  When  residing 
at  the  Cerro-Pasco  mines,  during  the  whole  of  the  year  1826,  I 
transmitted  regular  medical  reports  of  the  Company  to  ,the  late 
Sir  Alexander  Cnchton,  as  one  of  the  directors  of  the  Peruvian 
Mining  Company  in  London,  and  by  referring  back  to  my  medical 
journal  of  that  date,  I  find  that  when  I  dismissed  my  patients  to 
convalesce,  from  the  effects  of  acute  disease,  at  our  sanitarium  in  a 
milder  region,  the  pulse  is  repeatedly  stated  by  me  at  80°  in  the 
Cerro. 

In  enumerating  the  different  effects  of  a  residence  in  alpestrine 
valleys,  we  are  told  (p.  11),  'Uhat  the  appetite  is  sometimes  in- 
creased, but  for  the  most  part  it  is  destroyed  altogether."  On 
this  subject  I  can  say  of  myself,  and  the  fifty  or  sixty  English 
under  my  inspection  at  Cerro-Pasco  in  1826,  that  our  appetite 
was  anything  but  destroyed.  After  the  symptoms  of  the  seroche 
passed  over,  which  happened  in  a  few  days,  the  appetite  became 
keen  and  vigorous,  even  at  that  great  height ;  but  at  our  sanita- 
rium Huarriaca,  at  the  elevation  of  about  10,000  feet,  our  conva- 
lescents seemed  never  to  weary  of  eating  *^  ckoclosj*^  or  the  tender 
maize,  a  very  favourite  kind  of  food  in  those  parts.  At  Tarma 
and  Obrajillo,  too,  about  the  same  altitude,  patients  from  the 
coast,  weak,  languid,  and  dyspeptic,  in  the  subalpine  climates, 
find  the  appetite  almost  at  once  restored  as  they  ascend  to  these 
bracing  hill-land  climates. 

We  are  further  told,  that  in  man  the  least  exertion  is  attended 
with  great  fatigue  in  the  alpestrine  climates,  and  that  beasts  of 
burden  lose  their  strength  even  more  speedily  than  man,  &c. 

The  fact  is  here  too  generally  expressed,  if  it  be  meant  to  include 
the  New  World  in  this  statement ;  for  as  regards  Peru,  it  is  only 
true  of  exotics,  whether  these  be  men  or  animals,  and  that  only 

*  Had  this  youth  been  conveyed  in  a  litter  to  a  temperate  climate  at  only 
10,000  feet  elevation,  the  hemoptysis  would  have  instantly  and  spontaneously 
ceased.  It  is  properly  a  disease  of  the  coast,  from  relaxation ;  and  of  the  high 
regions  of  the  central  Cordillera,  from  congestion  :  both  extremes  are  evaded  at 
the  elevation  of  from  8000  to  10,000  feet. 
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in  lofiy  regions.     At  tlie  height  of  from  8000  to  10,000  feet  tlie 
power  of  muscular  exertion  is  found  to  be  greatly  increased  bj 
the  native  of  the  coast  who  ascends  to  these  Sierra  dimatea.     The 
liative  llama  carries  heavy  burdens  on  the  high  Sierra  table-lands 
with  far  more  ease  to  itself  than  on  the  coast     And  the  native 
mountain  Indian,  with  his  naturally  wide  and  well-expanded  chest, 
is  capable  of  his  greatest  activity  of  exertion,  with  the  utmost 
freedom  of  respiration,  on  the  cold  Punas.     It  was  proved  to  the 
satisfaction  of  all  concerned  at  the  Cerro  mines,  that  the  Indian 
bom  and  bred  in  the  adjoining  districts  and  villages  could  work 
out  his  daily  stem  with  a  weight  of  hammer  in  hand  which  our 
powerful-looking  Cornish  men  could  not  manage.     Besides,  the 
Indian,  after  his  subterranean  task  was  finished,  used  to  aacend  to 
open  day  through  steep  and  slippery  shafts,  with  a  burden  of  ore 
on  his  back  that  would  have  sunk  our  less  acclimated  European 
to  the  bottom  of  the  pit.     This  difference  of  muscular  power  be- 
tween the  Indian  native  and  exotic  European,  was  neither  to  be 
remedied  nor  accounted  for  by  the  habitual  iise  of  coca  by  the 
native.     The  source  of  the  difference  lies  deeper, — ^in  the  organic 
adaptation  of  each  to  the  peculiar  element  in  which  he  was  bom 
and  permitted  to  grow  to  manhood.     Were  the  Cerro-Pasco  Indian 
transported  to  Cornwall,  with  the  help  of  all  the  coca  in  Peru  at 
his  command,  he  would  have  no  chance  with  the  Tribilcocks  and 
Trewithicks  of  Truro  !    With  respect  to  loss  of  strength  on  the 
Andine  passes  of  steep  ascent,  just  like  continuous  steps  of  stairs, 
it  is  wonderful  how  seldom  the  muleteer  has  occasion  to  stop  his 
train  of  mules  for  the  sake  of  a  faint  or  weary  one.     True,  dead 
carcases  and  skeletons    '*  may  be  seen  lying  in   the  elevated 
passes,"  and  so  may  they  on  the  arid  sands  of  the  coast ;  and  so 
would  they  in  our  streets  if  every  carcase  were  allowed  to  remain, 
as  in  Peru,  where  the  animal  fell.     There  is  no  remedy ;  the  old, 
or  lean  and  diseased  sore-backed  mule  must  die  in  harness.     But 
look  to  the  shaggy  Sierra-bred  little  mule,  and  see  how  easily  it 
carries  the  allotted  burden  of  ten  arrobas  ten  pounds,  over  the 
snow-covered  passes  of  the  steep  western  Cordillera,  and  how 
lightly,  in  case  of  need,  it  can  trot  under  the  same  weight  over  the 
plains  of  the  Puna.     Very  fat  horses,  when  pressed  in  ^cending 
the  Cordilleras,  are  sometimes  known,  not  merely  to  stop  to  re- 
cover breath,  but  to  fall  down  dead, — from  pulmonary  apoplexy  I 
think. 

We  are  further  informed  (pp.  12,  13),  that  at  La  Paz  in  Boli- 
via (formerly  called  Upper  Peru),  at  the  elevation  of  12,234  feet 
bulls  lose  their  "  combative  energies." 

I  have  been  long  aware,  that  even  the  English  bull-dog,  afler  a 
year  or  two  years'  residence  in  Lima,  and  other  relaxing  climates 
on  the  coast  of  Peru,  really  lost  his  combative  energies  to  a  re- 
markable degree,  becoming  gradually  tame  and  listless;  and  I 
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have  heard  it  said  that  hulls  hrought  from  a  distance  to  fight  in 
the  ring  there,  also  fell  o£P  very  much  in  their  comhative  energies 
when  kept  for  some  time  in  that  climate  hefore  they  were  provoked 
to  the  comhat;  hut  now,  for  the  first  time  I  learn,  that  at  the  eleva- 
tion of  La  Paz,  these  animals  are  suhject  to  the  same  deterioration 
of  courage.  Cerro-Pasco  is  at  least  2000  feet  higher  than  the 
height  ascrihed  to  La  Paz  ;  hut  yet  at  Cerro  our  miners  used  to 
enjoy  themselves  at  the  hull-fights  exhibited  there  during  the 
Indian  festivals  ;  and  some  of  the  best  fighting  bulls  are  reared  on 
the  Puna  pasture  lands  of  Huamalies,  and  other  upland  provinces. 

It  so  happens,  that  now-a-days  there  are  never  good  bull-fights 
in  the  Sierra ;  simply  because  the  Indians  of  the  interior  never 
understood  the  practice  of  this  art  like  the  dark  Zambo  of  the 
coast,  and  much  less  could  they  imitate  the  scientific  skill  of  the 
Spaniard  in  this  national  game  of  gladiatorship.  At  the  Indian 
feasts  we  see  the  bull  led  on  tied  to  a  lasso,  and  with  the  points 
of  his  horns  cut  off,  or  covered  with  a  knob  of  wood.  And  though 
thus  disarmed  and  lassoed,  yet  the  Indian  does  not  venture  to 
goad  the  animal  to  the  fight  until  his  own  courage  be  artificially 
raised  by  rum  or  the  maize  beer  called  chicha.  I  suspect  some- 
thing of  this  sort  must  also  have  taken  place  at  La  Paz,  when 
the  curious  traveller  jotted  down  that  at  the  elevation  of  12,234 
feet  bulls  were  bereft  of  "  combative  energies."  I,  at  least,  would 
not  like  to  encounter  the  imtamed  bull  of  the  lofty  ConchucoSy 
or  even  the  "  toro  bravo*^  of  Junin,  at  the  elevation  of  13,000 
feet. 

I  shall  not  detain  you  by  following  Dr  Lombard  through  his 
enumeration  and  description  of  diseases  as  observed  by  Dr  Tschudi 
in  his  travels  over  the  elevated  inland  districts  of  Peru.  But  it  may 
be  a  mere  act  of  justice  to  the  medical  reader  to  say,  that  this  clever 
writer  and  naturalist  was  never,  that  I  heard  of,  a  regular  prac- 
titioner in  Peru,  nor  admitted  as  such  by  the  proper  medical  tri- 
bunal in  Lima.  His  medical  experience,  therefore,  must  be  con- 
sidered as  of  a  desultory  character ;  and  fairly  to  be  received  as 
the  accidental  incident  of  travel,  in  regions  generally  without  the 
benefit  of  a  resident  physician. 

His  medical  observation  and  practice  on  the  Andine  heights 
seem  to  have  been  difierent  from  mine.  As  an  instance  of  this,  I 
may  invite  attention  to  the  Urticaria,  which  is  described  to  be  a 
common  sequence  of  the  seroche,  or  Puna  sickness.  I  can  only 
say  that  no  urticaria-like  eruption  appeared  as  a  sequel  to  the 
Puna  sickness  in  the  Pasco  Peruvian  Mining  Company,  and  yet  all 
of  them  had  suffered  more  or  less  severely.  I  never  witnessed  any 
connection  between  this  sort  of  eruption  and  the  Puna  sickness ; 
but  were  the  sequence  either  common  or  usual,  it  could  not  have 
escaped  my  observation  under  the  circumstances  of  my  professional 
duties  to  a  public  company. 
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The  Meningitis  of  Dr  Tschudi  can  be  no  other  disease,  I  thinki 
than  the  native  Tabardillo,  a  fatal  malady,  which  much  r^embla 
tjphus  fever,  and  might,  with  quite  as  great  propriety,  have  been 
called  Enteritis  as  Meningitis ;  for  at  one  time  the  gastro-enteric, 
and  at  another  the  cephalic  symptoms  assume  early  promineiioe 
in  the  Tabardillo.  In  pleuro-pneumonia,*  the  "  costado"  of  the 
Spaniard  and  native,  it  appears  that  Dr  Tschudi  pronounces  bleed- 
ing unsafe ;  whereas  with  our  people  in  the  Peruvian  Minmg  Com- 
pany I  found  bleeding  indispensable.  Were  the  Doctor^s  pafientt 
Indians  ? 

The  Verruga  is  described  as  a  "  pustule  or  boiF;"  but  it  is  neither 
the  one  nor  the  other,  but  just,  as  its  name  implies,  a  wart-like 
disease  of  the  skin,  in  which  the  vascular  papillee,  only  covered 
by  a  thin  pellicle  at  top,  bleed  profusely  from  time  to  time. 
Among  the  crop  of  verrugas  some  excrescences  here  and  there  at- 
tain to  a  considerably  larger  size  than  the  general  stock,  and  are 
distinguished  by  the  epithet  "  verrugas  madres'*  or  mother^ warts, 
which  occasionally  bleed  much.  This  disease  is  chiefly  seen  on 
the  western  slope  of  the  Andes,  and  within  the  rain-line,  or  in  the 
dry  and  arid  subalpine  quebradas. 

The  reader  who  may  desire  to  learn  more  of  the  climates  of 
Peru  in  a  medical  point  of  view  than  I  can  here  introduce  from 
my  own  experience,  I  beg  leave  to  refer  to  my  Practical  Observa" 
tions  on  the  Diseases  of  Peru,  described  as  they  occur  on  the  Coait 
and  in  the  Sierra.  These  observations  I  published  in  the  years 
1840  and  1842,  in  a  series  of  papers  in  the  Edinburgh  and  Me- 
dical Surgical  Journal,  and  in  1856  I  published  an  article,  to 
which  I  may  also  refer,  in  The  British  and  Foreign  Medico-Chir- 
urgiccd  Review  for  October  of  that  year.  [But  in  referring  to  this 
article,  which  is  titled  Influence  of  the  Climates  of  Peru  on  Pvi- 
monary  Consumption,  I  must  correct  the  repeated  mis-spelling  of 
the  name  Tarma,  which  in  the  paper  is  incorrectly  printed  ZarmaJ 

Here  I  meant  to  have  ended  ;  but  before  doing  so,  let  me  say 
that,  in  the  remarks  I  have  offered  at  the  suggestion  of  Dr  Lom- 
bard's valuable  contribution,  I  have  been  encouraged  by  that  gen- 
tleman's own  frank  acknowledgment  that  he  is  still  in  search  of 
more  data  and  original  observations  to  illustrate  a  subject  of  which 
he  has  only  commenced  the  investigation.  If  any  of  my  observa- 
tions can  facilitate  his  progress  in  the  collection  of  authentic  ma- 
terials or  facts,  I  will  be  pleased  in  thinking  that  I  have  not  al- 
together neglected  the  opportunity  of  throwing  my  handful  of 
gleanings  into  the  gathering-in  of  his  general  harvest. 

One  more  remark,  and  I  shall  have  concluded.     Turning  again 

^  Pleurodynia  and  aeuU  rktumatum  were  troubleBome  afTecttona  among  the 
CkimiBh  miners ;  and  I  have  leen  natives  disabled  bj  chronic  rhenmalism  In  the 
neighbourhood  of  Pasco. 
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to  Dr  Lombard's  article  referred  to  in  the  Edinburgh  New  Philp- 
sophical  Journal^  I  read,  under  the  head  of  *'  What  are  the  Me- 
teorological Characters  of  Mountain  Climates  t"  p.  6,  the  follow- 
ing general  proposition,  which,  if  applied  to  the  Andine  climates, 
needs  some  limitation : — "  The  atmospheric  pressure  diminishes 
with  the  height,  and  the  rapidity  of  evaporation  increases  with  the 
diminution  of  atmospheric  pressure.  The  higher,  therefore,  a  lo- 
cality is  above  the  sea  the  drier  will  be  the  air,  and  the  more 
speedily  will  it  extract  moisture  from  the  bodies  exposed  to  it." 
Now,  I  would  crave  leave  to  indicate  that  this  rule  cannot  hold 
true  universally,  or  in  an  absolute  sense ;  for  much  of  the  effect 
here  ascribed  to  elevation  will  depend  on  solar  influence.  In  il- 
lustration of  what  now  occurs  to  me  on  this  subject,  let  me  say, 
that  during  the  dry  season  in  the  Sierra  or  alpestrine  regions  of 
Peru,  I  observed  that  in  Cerro-Pasco  the  sun  by  day  was  very 
scorching,  while  by  night  the  air  was  of  the  freezing  temperature. 
About  the  height  of  this  season,  say  July  and  August,  the  fauces 
in  many  cases,  more  especially  in  the  white  or  European  race,  be- 
came so  desiccated  over  night,  that  one  so  affected  would  awake  in 
the  morning,  having  the  throat  and  nostrils  incrusted  with  a  dried- 
up  mucous  secretion.  But  in  the  same  locality,  during  the  wet 
season,  that  is  from  November  to  May,  when  Fahrenheit's  thermo- 
meter rarely  rises  above  42°,  or  falls  so  low  as  36°,  nothing  of  this 
painful  incrustation  is  observed  in  the  fauces  and  air  passages : 
Here,  then,  at  the  same  elevation,  the  drying  process  is  greatly  in- 
£uenced  by  sun  and  season. 

In  the  subjacent  valley  of  Huanuco  agidn,  at  the  elevation  of 
from  6000  to  7000  feet,  the  air  is  more  uniformly  dty  and  se- 
rene than  at  Cerro-Pasco  at  14,000  feet,  throughout  the  whole 
year ;  and  for  months  no  dew  is  observable,  nor  is  there  mois- 
ture sufficient  in  the  air  to  support  natural  pastures  on  the 
adjacent  mountains  generally,  though  by  irrigation  the  plains 
and  lower  hill-slopes  are  in  the  enjoyment  of  a  perpetual  spring, 
and  never-ending  supplies  of  fruit,  flowers,  and  crops.  But 
what  is  true  of  the  relative  dry  state  of  the  atmosphere  on  the 
western  slope  of  the  Andes  is  not  so  at  the  same  corresponding 
elevations  on  the  eastern  slope  :  the  ascent  on  the  western  or  Paci- 
fic Ocean  aspect,  is  estimated  at  232  feet  to  the  mile,  while  on  the 
eastern  or  Atlantic  side  the  slope  is  but  162  feet  to  liie  mile.  We 
have  seen  that  the  whole  sub-alpine  range  of  climate  on  the  west- 
ern side  is  nearly  rainless,  and  a  zone  of  about  6000  feet  of  it 
absolutely  rainless.  Whereas  on  the  eastern  side,  the  whole  cor- 
responding subalpine  region,  as  far  as  altitude  is  concerned,  is  one 
continuous  forest,  with  an  atmosphere  far  moi*e  damp  and  humid 
than  that  of  the  lofty  Cordillera,  for  at  least  eight  months  in  the 
year.  Lieutenant  Herndon  assures  us  that  the  indications  of  the 
barometer  at  the  eastern  foot  of  the  Andes  is  not  to  be  depended 
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on.  He  says,  that  '^  the  trade-winds  are  dammed  up  bj  the  Andes; 
and  that  the  atmosphere  in  those  parts  is,  from  this  cause,  com- 
pressed, and  consequently  heavier  than  it  is  &rther  from  themcmn- 
tains,  though  over  a  less  elevated  portion  of  tbe  earth.  See  pp. 
261-2  of  a  most  interesting  work,  titled  ^^Exploration  of  the  V(Jley 
of  the  Amazon^  made  under  direction  of  the  Navy  Departmefd, 
United  States.  Part  I.  By  Lieutenant  Hemdon.  Washington, 
1863."     I  am,  &c. 

ARCHIBAliD  SMITH. 
2  Manor  Place,  Edinbargh, 
2l8t  August  1867. 
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A  Eq>ort  on  Theoretical  Dynamics,  prepared  by  Mr  A.  Cai^et,  was 
read. 

A  Report  on  Meteoric  Phenomena,  prepared  by  the  Rev.  Profeasor 
Powell,  was  presented. 

Professor  LooMia  of  the  United  States,  read  a  paper  on  Certain 
Electric  Phenomena. 

Professor  Loomis,  also  read  a  paper  on  the  Relative  Accuracy  of  the 
Different  Modes  of  Detannining  the  Geographical  Longitude. 

The  Rev.  Charles  Evans  read  a  paper  on  the  Interpretation  of  Cer- 
tain Symbolic  Formulce,  and  Extensions  of  Taylor* s  Theorem. 

Dr  ScHLAoiNTWEiT  read  a  communication  on  Some  Physical  and  Geo- 
logical Observations,  made  bj  him  in  India. 

Professor  Hennessy  next  read  a  paper  on  Simultaneous  Isothermal 
Lines.  Having  referred  to  the  part  already  taken  by  the  Association  in 
connection  with  the  distribution  of  mean  temperature  over  the  surface  of 
the  earth,  he  dwelt  on  the  importance  of  studying  simultaneous  distribu- 
tions of  the  temperature.  The  movements  of  the  winds,  and  in  general 
almost  all  the  daily  perturbations  of  the  atmosphere,  depending  much  more 
on  simultaneous  conditions  of  the  temperature  in  different  places  than  on 
the  mean  amount  over  long  periods,  it  would  be  desirable  to  attempt  to 
trace  the  former  class  of  lines,  when  it  was  attempted  to  obtain  a  complete 
connection  between  the  different  classes  of  the  atmospheric  phenomena. 
The  nature  of  isothermal  lines  was  then  adverted  to,  and  the  differences 
between  them  and  those  of  mean  temperature,  which  might  be  fairly  an- 
ticipated. The  differences  between  such  lines  on  the  land  and  sea  were 
characterized,  and  reference  was  made  to  the  phenomena  of  land  and  tea 
breezes,  which  would  probably  be  found  to  have  some  connection  with 
the  distribution  of  these  isothermals.  Professor  Hennessy,  in  condosion, 
pointed  out  that  these  lines  might  assist  either  in  further  confirming  or 
disproving  the  supposed  connection  between  terrestrial  temperature  and 
terrestrial  magnetism. 

General  Sabine  observed  that  he  had  not  heard  for  many  years  views 

*  This  abstract  has  been  prepared  from  reports  which  appeared  in  "  Saon- 
ders's  News-Letter''  and  "  The  Freeman's  Journal''  of  Dublin. 
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developed  on  the  qneBtion  of  teraperatare  more  hopeM  tlian  those  just 
brought  forward  by  Mr  Henness^,  uid  he  hoped  that  geatleman  would 
continue  his  researches  on  the  subject. 

Professor  Curtis  read  a  paper  On  a  System  of  QeodetieSy  and  the  con* 
jugate  system  traced  on  the  two  sheets  of  a  surface  of  centres,  with  special 
application  to  the  case  in  which  the  two  sheets  are  ah  ellipsoid  and  a  eon- 
fo<nal  hyperbaloid. 

Mr  M.  DoNovAV  read  a  paper  explaining  the  construction  of  A  Mtme- 
uhle  Horizontal  Sun-Dial,  which  idiows  correct  solar  time  within  a  frac- 
tion of  a  minute,  and  communicated  some  obseryations  on  a  new  aooustic 
phenomenon. 

Professor  Henniesst  then  read  a  paper  On  the  Besiskmee  of  Fluids 
to  Solidification  by  Pressure.  With  the  aid  of  the  principles  developed 
-by  Professor  W.  Thomson  and  Professor  Clausius,  it  was  shown  that  the 
efficiency  of  compression  to  contract  a  Yolume  of  fluid,  as  long  as  it  con- 
tinued in  that  condition,  was  much  less  than  its  efficiency  in  producing 
change  of  state  when  the  fluid  should  happen  to  be  so  circumstanced  as 
to  be  incapable  of  losing  the  heat  acquired  by  the  work  performed  upon 
it  by  pressure. 

Papers  were  read  by — 

Mr  Jaicbb  Thompson  on  the  Ploistidty  of  Ice ; 

Captain  Blakblt,  a  Mathematical  Investigation  of  the  Proportion 
between  the  Length  required  for  an  Electric  TeUgraph  Cable  and  its 
Specific  Qravity ; 

Mr  QrsTAF  Plars  read  a  paper  on  Certain  Transformations  of  a 
Series  of  Exponentials,  and 

Mr  James  Nasmyth  on  some  Phenomena  in  connection  with  Molten 
Materials.  He  stated,  on  introducing  the  subject  to  the  notice  of  the 
Section,  that  his  object  for  so  doing  was  to  direct  the  attention  of  scientiflc 
men  to  a  class  of  facts,  which,  although  in  their  main  features  they  might 
be  familiar  to  practical  men,  yet  appeared  to  have  escaped  the  attention 
of  those  more  accustomed  to  scientific  research.  The  great  fact  to  which 
he  desired  to  call  attention  is  comprised  in  the  following  general  proposi- 
tion, namely  :  That  all  substances  in  a  molten  condition  are  specifically 
heayier  than  the  same  substances  in  their  unmolten  state.  Hitherto 
water  was  supposed  to  be  a  singular  and  special  exception  to  the  ordinary 
law,  namely,  that  as  substances  were  eloTated  in  temperature  they  be- 
came specificaUy  lighter ;  that  is  to  say,  water  at  temperature  d2f^,  on 
being  heated  does,  on  its  progress  towards  40"*,  instead  of  becoming 
lighter,  actually  increase  in  density  until  it  arrives  at  temperature  40  , 
beyond  which,  if  we  continue  to  elevate  the  temperature,  its  density  pro- 
gressively decreases.  From  the  facts  which  Mr  Nasmyth  brought  for- 
ward, it  appears  that  water  is  not  a  special  and  singular  exception  in 
this  respect,  but  that,  on  the  contrary,  the  phenomena  in  relation  to 
change  of  density  when  near  the  point  of  solidification  is  shared  wi^ 
every  substance  with  which  we  are  at  all  familiar,  in  a  molten  condition ; 
so  entirely  so  that  Mr  Nasmyth  felt  himself  warranted  in  propounding 
as  a  general  law  the  one  previously  stated  by  him,  namely,  that  in  every 
instance  which  he  is  acquainted  with,  a  molten  substance  is  more  dense 
or  specifically  heavier  than  the  same  substance  in  its  unmolten  state.  It  is 
for  this  reason  that  if  we  throw  a  piece  of  solid  lead  into  a  pot  of  melted  lead, 
the  solid  metal  will  float  in  the  fluid  metal.  Mr  Nasmyth  stated  that  he 
found  that  this  fact  of  the  floating  of  the  unmolten  substance  in  the  mol- 
ten holds  with  every  substance  on  which  he  has  tested  the  fact :  up<»i 
such,  for  instance,  as  iron,  silver,  copper,  tin,  lead,  zinc,  antimony,  bis- 
muth, ^lass,  pitch,  wax,  tallow,  &c.  He  further  stated  that  the  law 
holds  with  equal  integrity  in  respieet  to  alloys  or  combinatipns  of  various 
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meltable  subetanoes.  Also,  that  the  nomud  oondition,  as  to  density,  is 
resumed  in  most  sabetanoes  a  little  on  the  molten  side  of  solidification, 
and  in  a  few  cases  the  resumption  of  the  normal  condition,  oecuis  dnriog 
the  act  of  solidification.  Mr  Nasmjth  stated  that  he  considered  this 
subject  as  well  worthy  of  the  attention  of  geologists,  who  might  find  in  it 
a  key  to  the  explanation  of  man/  phenomena  of  eruption  or  upheaval  of  the 
earth's  crust :  namely,  that  on  the  approach  to  the  point  of  solidification, 
molten  mineral  substances  below  the  crust  of  the  earth  must,  in  accord- 
ance with  the  before-stated  law,  expand,  and  tend  to  elerate  or  burst  up 
the  solid  crust,  and  also  express  upwards  through  the  cracked  sar£i« 
streams  more  or  less  fluid,  of  those  substances  which  we  know  to  haTe 
originally  been  in  that  condition.  Mr  Nasmyth  stated  that  the  aspect  of 
the  lunar  surface,  as  revealed  to  us  by  powerful  telescopes,  appeared  to 
yield  a  striking  confirmation  of  the  above  remark.  He  concluded  by  ex> 
pressing  a  hope  that  the  facts  which  he  had  brought  forward  migbt 
receive  that  careful  attention  which  their  importanoe  appeared  to  him  to 
entitle  them  to. 

Sir  W.  R.  Hamilton  read  an  abstruse  paper  on  some  Applicaiioht  o; 
Quaternions  to  lones  of  the  Third  Degree, 

Signor  Bolzani  read  a  communication  by  the  CSaraliere  O.  F.  Mossotti, 
on  the  Distribution  of  the  Orbits  of  Comets  in  Space^  in  which  he 
showed,  from  examinations  of  the  newest  data  of  the  positions  of  oometf, 
and  by  drawings  and  diagrams,  that  the  culminating  points  of  most 
comets  was  in  the  direction  of  the  Galaxy,  or  Milky  Way,  and  that  those 
proceeding  from  other  regions  are  in  less  number  the  farther  they  recede 
from  the  zone  in  which  that  congeries  of  stars  is  seen. 

Professor  Hbnnesst  read  a  paper  on  the  Direction  of  Crravity  at  t4« 
Earths  Surface.    For  all  practical  purposes,  he  said,  the  direction  of 
gravity  was  considered  perpendicular  to  the  earth*s  surface  ;  and  a  similar 
assumption  was  often  nmde  in  writings  claiming  a  high  degree  of  scien- 
tific accuracy.     This  arose  from  defining  the  earth's  surface  as  the  sur- 
face of  equilibrium  of  the  Waters.    If  the  earth  were  stripped  of  its  fluid 
covering,  the  irregular  surface  so  laid  bare  might  be  intersected  by  a 
surface  so  placed  that  the  volume  of  all  the  eminences  rising  above  it  would 
be  equal  to  the  volume  of  all  the  depressions.     With  the  data  at  present 
possessed  it  would  be  nearly  possible  to  have  the  mean  surface.    Tbe^ 
were  not  in  a  position  to  say  how  far  it  approached  or  differed  from  a 
surface  of  equilibrium,  or  in  other  words,  they  could  not  assume  that 
gravity  was  rigorously  perpendicular  to  such  a  surface.    Actual  observa- 
tion showed  that  in  many  places  it  was  not  so,  and  this  non-perpendi- 
cularity was  generally  referred  to  irregularities  of  surface.     If,  as  every- 
thing led  them  to  believe,  the  earth  was  originally  in  a  state  of  ^ion  firom 
heat,  all  the  strata  of  equal  density  of  the  fluid  mass  would  be  surfaces  of 
equilibrium.     Following  out  the  theory,  the  paper  went  on  to  show  that 
if  it  could  be  ascertained  what  was  the  form  of  the  outer  surface  of  the 
earth's  solidified  crust,  and  the  distribution  of  the  water  over  it,  they 
might  be  able  to  determine  whether  changes  of  internal  structure  took 
place  within  the  earth  subsequent  to  the  formation  of  that  crust.    Ob- 
servations showed  that  such  internal  changes  had  taken  place,  and  oon- 
eeouently  that  the  direction  of  gravity  might  have  changed. 

Professor  Jellet  read  a  paper  on  some  General  Propositions  Con- 
nected with  the  Theory  of  Attraction. 

M.  Leon  Foucault  addressed  the  Section  in  French  upon  a  Telescope 
Speculu^n  of  Silvered  Olass.  AHer  a  brief  but  lucid  description  of  the 
telescope,  he  pointed  out  the  difiiculties  which  were  found  in  its  con- 
struction in  the  two  different  kinds  of  instrument — ^those  which  formed 
the  image  by  refraction,  and  those  in  which  the  reflection  was  thrown 
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npon  a  metal  surface.  He  pointed  out  the  difficulties  of  working  out  the 
achromatic  telescope  and  their  causes,  and  the  still  greater  difficullr 
which  was  found  in  giving  the  precise  form  to  the  metal  surface  before  it 
was  capable  of  producing  accurate  images.  The  great  and  almost  in- 
superable difficulty  of  repolishing  the  metal  speculum  was  explained,  as 
but  a  yeiy  minute  fault  rendered  the  instrument  valueless.  He  remarked 
upon  this  branch,  that  as  the  metal  surface  was  of  course  easily  tarnished, 
and  therefore  requiring  to  be  repolished  frequently,  there  was  the  more 
danger  of  destroying  the  mirror  altogether.  It  occurred  to  him,  he  said, 
that  it  might  be  possible  to  form  a  reflecting  sur&ce,  which  should  be 
easily  figured,  easily  restored,  and  which  shoiud  possess  far  more  illumi- 
nating power  than  either  the  achromatic  or  the  ordinary  reflector,  of 
which  the  specula  are  composed  of  alloy  of  copper  and  tin.  The  process 
at  which  he  arrived  was  this :— 'To  form  a  speculum  of  glass,  no  matter 
how  imperfect  the  material,  or  how  untransparent,  provided  it  was  &ee 
from  air-bubbles.  Then  he  deposited  on  this  a  film  of  silver  by  a  process 
invented  some  years  ago,  and  which  had  latterly  been  much  improved. 
He  found  that  it  could  be  deposited  in  uniform  thicknesses,  exceedingly 
thin,  and  that  when  looked  through  it  was  then  found  to  be  transparent, 
and  to  transmit  a  blue  light,  familiar  to  those  experienced  in  optics. 
He  explained,  that  when  it  became  necessary,  owing  to  depositions  made 
by  the  atmosphere,  by  which  the  silver  became  infinitesimally  oxidized,  it 
was  possible,  by  light  friction  of  soil  leather,  charged,  if  necessary,  with 
peroxide  of  iron,  to  remove  that  obstruction.  Thus  the  speculum  was 
light,  unalterable,  and  extremely  strong,  and  the  reflecting  surface  was 
extremely  brilliant.  Inequalities  in  thickness  were  at  once  detected  by 
the  transparent  quality  of  the  speculum.  He  also  stated  the  process  which 
he  used  for  depositing  tbe  silver,  and  showed  that  the  coefficient  was  not 
less  than  0*91.  He  exhibited  one  of  the  specula,  and  a  reflecting  tele- 
scope, upon  the  new  principle,  was  placed  in  one  of  the  windows. 

Dr  Greer  said  that  he  had  the  pleasure  of  frequently  looking  through 
different  mirrors  constructed  upon  the  novel  principle  of  M.  Leon  Fou- 
cault.  He  had  put  them  to  a  severe  test,  and  he  had  compared  one  of 
seven  inches  with  an  excellent  achromatic  of  five  inches,  and  unques- 
tionably that  of  M.  Foucault  was  the  superior. 

Professor  Thompson  read  a  paper  by  M.  Louis  Soret  on  tTie  Correla^ 
tion  between  DynamiccU  Electricity  and  other  Physical  Forces^  and 
followed  it  up  by  some  observations,  in  which  he  showed  that  there  was 
nothing  novel  m  the  views  or  experiments  recorded  in  the  paper,  but 
that  they  were  valuable  as  confirming  the  experiments  of  Joule. 

Mr  Thomas  Martin  on  Certain  Properties  of  the  Radii  of  Curvature 
of  Curves  and  Surfaces,  and  their  Application  to  the  Method  of  Polar 
Reciprocation. 

Major-Oeneral  Sabine  on  the  Amount  and  Frequency  of  the  Magnetic 
Disturbance  and  Aurora  at  Point  Barrow,  on  the  shores  of  the  Polar 
Sea.  The  lecturer  stated  that  his  results  were  derived  from  observations 
made  by  Captain  Maguire  and  the  officers  of  the  Plover,  between  July 
1852  and  July  1854.  Point  Barrow  is  situated  on  the  most  northern  coast 
of  America.  Tables  made  on  a  large  scale  were  used,  exhibiting  the  varia- 
tions with  and  without  the  disturbances  at  different  hours  of  the  day  at 
Point  Barrow  and  at  Toronto.  The  horizontal  force  of  the  earth  at  To- 
ronto was  about  double  what  it  was  at  Point  Barrow.  It  was  found  that 
when  the  disturbances  were  greatest  in  amount,  the  greatest  displays, 
which  he  considered  a  magnetic  phenomenon,  took  place.  The  last  letter 
he  had  received  from  Sir  John  Franklin  expressed  that  navigator's  de- 
termination to  put  up  instruments  for  the  observation  of  those  phenomena 
at  the  severiQ  stations  at  which  he  might  winter.    It  could  not  be  doubted 
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that  aiioh  obierTatio&B  were  made  and  recorded  with  the  inatnuDeDfs  ihej 
took  for  that  purpose.  It  could  not  be  doubted  that  when  thej  were  de- 
tained at  some  point  the  following  jear  thej  carefullj  made  the  obserra- 
tionf,  and  it  was  possible  thej  might  have  even  extended  them  to  anoths' 
winter.  These  observations  were  numerous,  and  were  of  such  a  kind  as 
would  have  been  left  in  the  ships  when  the  explorers  proceeded  overland. 
When  he  (General  Sabine)  was  with  Captain  Parrj  in  1818,  they  made 
observations  as  to  the  figure  of  the  earth,  and  various  other  matters,  on 
their  way  to  Bahring's  Straits.  They  were  exposed  to  oonaiderable  ri^ 
of  the  ships  being  lost,  and  when  about  to  take  to  the  boats  and  proceed 
overland,  they  merely  carried  with  them  an  abstract  of  the  observations, 
leaving  the  full  records  deposited  in  cases  in  the  cabins  of  the  ships.  He 
had  no  doubt  that  in  the  ships  of  Sir  John  Franklin  his  observationa  were 
to  be  found ;  and  this  was  the  reason  why  men  of  science  were  so  anxious 
to  recover  the  ships ;  for,  first  of  all,  the  journals  would  contain  valuable 
information,  and  next,  it  was  a  sacred  duty  to  those  who  had  lost  their 
lives  in  gaining  such  important  results  to  do  them  the  justice  and  honour 
of  bringing  them  to  light. 

Captain  Maguire  said  that  the  most  interesting  part  of  the  phenomena 
they  observed  was  the  aurora.  At  seven  o'clock  in  the  morning  the 
magnet  used  to  be  most  disturbed,  and  then  there  was  seldom  any  appear- 
ance of  aurora.  All  nature  was  then  perfectly  still,  and  the  clouds  and 
snow  could  not  be  distinguished  from  each  other.  The  rays  of  the  aurora 
used  to  shoot  to  a  point  over  their  heads,  and  were  so  beautiful,  that  al- 
though the  temperature  was  40°  below  zero,  they  used  never  to  be  tired 
looking  at  them.  He  had  observed  at  some  periods  the  temperature  of  the 
water  to  be  28°  above  zero  (Fahrenheit),  and  that  of  the  air  to  be  40" 
below  zero,  so  that  the  water  had  the  appearance  of  a  boiling  sea.  The 
observations  were  made  under  his  directions  by  IVIr  HaU  and  Dr  Simpson. 

The  Rev.  Professor  Haughton  read  a  paper  by  Dr  Simpson,  R.N.,  of 
the  Plover,  On  the  TempercUure  of  the  Air^  registered  at  the  Plover^s 
winter  quarters  at  Point  Barrow,  in  the  years  1852-3-4.  Having  read 
the  paper,  Professor  Haughton  observed  that  the  results  oommunicated 
on  this  occasion  were  an  answer  to  the  unfounded  popular  cry  that  no 
good  results  had  accrued  to  science  from  the  Arctic  expedition.  Many 
more  observations  made  in  ships  engaged  in  eastern  and  western  expedi- 
tions existed,  and  these  also  ought  to  be  made  available  to  science.  Through 
the  kindness  of  Captains  Maguire  and  Collins  some  of  them  had  been 
placed  at  his  disposal ;  but  he  believed  there  were  in  the  Admiralty  manj 
more  observations,  mathematical,  tidal,  and  meteorological,  which  ought 
to  be  made  available. 

Rear- Admiral  Fitzbot  drew  the  attention  of  the  section  to  the  meteoro^ 
logical  papers  lying  on  the  table,  which  had  been  recently  published  by 
the  Board  of  Trade.    The  report  to  which  he  referred  would  show  what 
progress  had  been  made,  and  therefore  he  would  not  occupy  valuable  time 
by  entering  into  details.    He  would  only  observe,  generally,  that  a  great 
number  of  valuable  observations  had  already  been  made  on  board  some 
hundred  ships  with  excellent  instruments,  approved  by  the  Eew  Com- 
mittee of  the  British  Association,  and  that  those  observations  were  regu- 
larly tabulated  in  such  a  manner  as  to  admit  of  their  being  combined  in 
groups,  or  used  individually.    The  worthy  co-operation  of  officers  at  sea 
had  already  accumulated  more  observations  than  could  be  reduced  and 
tabulated  with  duly  corresponding  quickness.     Therefore  more  reduction 
of  observations,  rather  than  more  observers,  with  a  laiger  number  of  in- 
struments, seems  necessary,  and  this  can  only  be  aooompUshed  by  em- 
ploying a  larger  staff.    Govemi&eDt  has  shown  the  utmost  willingness  to 
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attend  to  the  reoommendations  of  competent  authorities  with  respect  to 
the  establishment  and  support  of  the  meteorological  office  at  the  Board 
of  Trade,  and  only  desired  to  apply  the  vote  sanctioned  by  Parliament 
for  meteorological  observations  at  sea  to  the  best  possible  advantage.  The 
United  States,  Great  Britain,  and  Holland,  had  already  co-operated  largely 
in  this  work,  and  France  had  just  lately  established  asimihir  department 
for  collecting  and  discussing  such  observations. 

Professor  W.  Thompson  exhibited  and  explained  Mr  WhUeTiotige's 
Belay  and  Induction  CoiU  in  action  on  short  circuits.  The  peculiari- 
ties of  Mr  Whitehouse's  induction  coils,  which  fit  them  remarxably  for 
the  purpose  for  which  they  are  adapted,  as  distinguished  from  the  induc- 
tion coils  by  which  such  bnlliant  efrects  of  high  intensity  were  described. 
The  chief  part  of  the  receiving  apparatus,  the  relay,  was  fully  described, 
and  was  shown  in  action  after  some  introductory  remarks,  explaining  the 
^neral  nature  of  a  relay,  an  electrical  hair  trigger.  The  re&tion  of  Mr 
Whitehouse's  relay  to  the  Henley  receiving-instruments  was  pointed  out. 
The  author  expressed  his  conviction  that,  by  using  Mr  Whitenouse's  sys- 
tem, to  take  advantage  of  each  motion  for  a  single  signal  instead  of  the 
to  and  fro  motion,  as  in  aH  systems  hitherto  practised,  the  Henley  single 
needle  instrument  might  be  easily  used  so  as  to  give  as  great  a  speed  on 
one  line  of  wire  alone  as  is  at  present  attained  by  two  with  the  double- 
needle  instrument.  The  beautiful  method  of  reading  by  bells  would  be 
most  ready  and  convenient  for  giving  the  indications  to  be  interpreted  as 
the  messages  ;  but  the  author  believes  that  either  by  the  eye  or  ear  the 
messages  may  be  read  off  with  the  rapidity  and  care  which  will  render 
the  use  of  one  telegraphic  wire  in  all  respects  as  useful  as  that  of  two. 

Professor  Thompson  made  a  communication  on  the  Effects  of  Induction 
in  Long  Submarine  Lines  of  Teleg^raph.     A  general  explanation  of  the 
theory  was  given,  and  the  law  of  squares  was  demonstrated  to  be  rigor- 
ously true.    It  was  pointed  out,  that  when  the  resistance  of  the  instruments 
employed  to  generate  and  to  receive  the  electric  current  are  considerable  in 
comparison  with  the  resistance  of  the  line,  the  phenomena  do  not  fulfil 
the  law  of  squares,  because  the  conditions  on  which  that  law  is  founded 
are  deviated  from.     The  application  of  the  theory  to  the  alternate  posi- 
tive and  negative  electrical  actions  used  by  Mr  Whitehouse  for  telegraph- 
ing was  explained,  and  the  circumstances  which  limited  the  speed  of 
working  were  pointed  out.     Curves  illustrating  the  enfeeblement  of  the 
current  towards  the  remote  end,  and  the  consequent  necessity  of  the  high- 
pressure  system  introduced  by  Mr  Whitehouse,  were  shown.     The  em- 
barrassment occasioned  by  the  great  electrical  effect  through  the  wire 
which  follows  the  commencement  of  a  series  of  uniform  signals  with  a  full 
strength  of  electric  force,  was  illustrated  in  one  diagram,  which  showed 
a  succession  of  eight  impulses,  following  one  another  at  equal  intervals  of 
time,  and  giving  only  one  turn  of  the  electrical  tide  at  the  remote  end, 
or  two  motions  of  the  relay,  including  the  initial  effect.    The  remedy  was 
illustrated  by  another  diagram,  in  which  a  succession  of  seven  equal  al- 
ternate applications  of  positive  and  negative  force,  following  a  first  im- 
pulse of  half  strength,  was  shown,  proving  seven  turns  of  the  tide  at  the 
remote  end,  following  one  another  at  not  very  unequal  intervals  of  time, 
and  consequently  givmg  eight  turns  of  the  relay,  or  eight  distinct  signals. 

M.  Raillabd  made  a  communication  entitled  an  Examination  of  some 
Problems  in  Meteorology ;  New  and  Complete  Explanation  of  the  Bain^ 
how. 

Professor  Hskne^t  read  two  papers,  one  on  Vertical  Movements  in 
the  Atmosphere,  and  the  other  On  the  Distribution  of  Heat  over  the 
British  Isles, 
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The  Her.  Gaoiex  Sixicoir,  F.T.O.D.,  on  the  Surface  of  Centret  of  an 
ElUpeoid. 

Mr  Daniel  Yauohan  on  Secular  VaricUion  in  Lunar  and  Terrestriai 
Motion  from  the  Influence  of  Tidal  Action, 

Dr  LxE  on  the  Discovery  of  the  Asteroid  No,  46»  on  the  17lh  AuffvH 
1857 1  hy  N.  Pogson,  at  Oxford,  The  official  duties  of  the  disooYerer  ai 
the  Observatory  at  Oxford  prevented  him  from  being  present  at  the  pre- 
sent meeting.  The  asteroid  was  named  Hestia,  and  was  discovered  bf 
Mr  Pogson  at  his  private  residenoe.  In  1856  he  discovered  the  planel 
Isis  on  the  28th  of  May  in  the  Radclifie  Observatory  ;  he  also  discovered 
Ariadne  on  Uie  15th  of  April ;  and  he  was  the  second  discoverer  of  Am- 
phitrite  on  the  2d  of  March  1854. 

Dr  Lee  presented  certain  results  of  some  measures  obtained  by  Rear- 
Admiral  Smyth  on  the  Double  Star  of  Virginis  for  the  epoch  1857.  It 
had  been  assiduouslv  watched  by  astronomers,  and  offered  phenomena 
sufficient  to  induce  the  conviction  that  the  Newtonian  law  of  gravitation 
obtained  in  the  remote  stellar  regions. 

Professor  Callan  read  a  paper  on  The  Electrodynamic  Inducti^m 
Apparatus, 

Sir  W.  A.  Hamilton  explained  Tables  hy  Mr  C,  Thompson  to  Sim- 
plify and  Render  more  General  (he  method  of  finding  the  Time  of  Ob- 
serving Circumpolar  Stars  in  the  same  Vertical. 

M.  Leon  Foucault  delivered  a  discourse  on  a  Modijicationof  NichoFs 
Prism^  or  a  New  Polarizer  without  Canada  Balsam, 

Professor  Stokes  made  a  communication  on  the  effects  of  Wind  on  the 
Intensity  of  Sound ^  in  which  he  propounded  the  theory,  that  if  a  soimd 
be  creat^  near  the  surface  of  the  earth,  during  the  prevalence  of  a  wind 
in  any  direction,  the  retardation  of  the  current  of  air  at  the  surface,  due 
to  friction,  causes  the  wave  of  sound  to  lose  its  spherical  form,  and  to 
assume  that  of  an  ellipsoid,  and  that  this  change  in  the  form  of  tiie  wave 
causes  its  intensity  of  propagation  in  the  direction  of  the  wind  near  the 
surface  of  the  earth  to  be  greater  than  in  the  opposite  direction. 

Mr  J.  P.  Henmesst  read  a  paper  on  the  Origin  and  Elimination  of 
Euclid^ 8  *'  Reductio  ad  Ahsurdum,'*^  The  results  to  which  he  called  atten- 
tion were,  first,  that  Euclid's  indirect  demonstrations  may  be  eliminated ; 
and  secondly,  the  origin  of  indirect  proof.  He  traced  the  "  Reductio  ad 
Absurdum"  to  its  fundamental  principles,  and  pointed  out  its  logical  cha- 
racteristics. 

M.  C.  FuLBBooK  read  a  paper  on  the  Variation  in  the  Quantity  of 
Rain  due  to  the  Moon's  Position^  in  reference  to  the  Plane  of  the  Earfh*9 
Orbit.  He  produced  results  showing  that,  during  the  period  immediateljf 
preceding  and  after  the  ascent  of  the  moon  through  the  plane  of  the 
earth's  orbit  from  S.  to  N.,  a  greater  quantity  of  rain  fell  than  had  fallen 
during  the  corresponding  period  of  the  moon  s  descent  through  the  plane 
of  the  same  orbit.  He  supposed  that  what  happened  in  southern  latitudes 
was  exactly  the  reverse. 

Mr  J.  J.  MuKFHT  read  a  paper  containing  A  Proposal  for  the  Esiah^ 
lishment  of  a  Uniform  Reckoning  of  Time  over  the-  World,  in  connection 
with  the  Electric  Telegraph,  The  period  in  all  probability  was  not  re* 
mote  when  the  telegraph  would  efect  an  almost  instantaneous  communi- 
cation between  parts  of  the  world  which  were  separated  by  an  extensive 
arc  of  longitude,  and  differed  in  their  solar  time  by  sevend  hours.  The 
eystem  which  was  introduced  all  over  Great  Britain,  of  keeping  Greenwich 
tmie,  could  not  be  applied  over  extensive  arcs  of  longitude.    A  differenea 
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of  half  an  hour  between  solar  time  and  dock  time  at  any  place  was  no 
inoonYenience,  but  a  difference  of  six  hours  would  be  mnch  too  great.  It 
wonld  be  necessary  for  distant  places  to  continue  to  keep  their  local  solar 
time;  but  in  order  to  time  the  receipt  and  dispatch  of  telegraph  messages,  it 
woidd  be  necessary  either  to  reduce  the  time  of  one  place  to  that  of  any 
other  with  which  it  communicated,  or  to  adopt  a  uniform  reckoning  of 
time  for  all.  Mr  Murphy  proposed  a  simple  self-acting  method  for  meet- 
ing the  requirements  of  the  case.  Let  eyexy  electric  tel^raph  station 
that  communicates  with  distant  stations  be  furnished  with  a  clock,  similar 
in  other  respects  to  a  common  dock,  proyided  with  a  double  cirde  of 
figures  on  the  dial,  the  inner  circle  beiug  fixed  as  in  the  common  dock, 
but  the  outer  one  being  capable  of  being  moved  round.  Let  some  one 
meridian,  say  that  of  Greenwich,  be  chosen  as  that  to  which  all  others 
shall  be  referred.  Let  eyery  such  dock  throughout  the  world  indicate 
Greenwich  time  on  the  inner  or  stationary  cirde  of  figures ;  but  when  a 
dock  is  set  up  at  any  station,  let  the  outer  circle  be  moved  round  and  set, 
BO  that  while  the  hour  hand  shows  Greenwich  time  on  the  inner  drde,  it 
maj  show  local  solar  time  on  the  outer  cirde.  The  perfect  conyenienoe 
of  this  plan  is  obvious.  It  reconciles  the  necessity  of  keeping  locfd  time 
with  the  advantage  of  uniform  time,  and  gets  rid  of  any  trouble  in  re- 
ducing the  one  to  the  other.  The  system  might  be  rendered  more 
workable  still  by  abolishing  the  distinction  of  east  and  west  longitude, 
reckoning  either  all  east  or  aU  west  from  0  to  860,  and  by  abolishing  the 
distinctions  of  a»u,  and  p.m.,  reckoning  time  from  midnight  up  to  24 
o'clock. 

M.  L'Abbe  Moigno  observed  that  a  practice  of  this  kind  was  already  in 
use  in  France. 

Dr  Stevbllt  brought  under  the  notice  of  the  section  a  paper  by  Mr 
James  Drummond,  entitled  Outline  of  a  Theory  of  the  Structure  and 
Magnetic  Phenomena  of  the  Olobe,  It  started  from  the  generally  re- 
ceived hypotheses  that  the  earth  had  cooled  from  a  molten  to  a  solid  state, 
and  assumed  the  existence,  within  an  external  crust  constituting  the 
earth's  surface,  of  a  fluid  nudeus  agitated  by  a  system  of  internal  tides 
similar  to  those  of  the  ocean,  and  ahso  of  mountamous  inequalities  upon 
the  inner  surface  of  the  crust.  The  internal  agitations  of  the  fluid 
nudeus  accounted  for  earthquakes,  volcanic  and  magnetic  phenomena  on 
the  exterior  of  the  earth. 

All  the  papers  having  been  read. 

The  President  said,  we  now  adjourn  the  section,  with  the  hope  that, 
when  it  meets  next  year,  we  shall  be  enabled,  at  the  dose  of  its  delibera- 
tions, to  report  as  satisfactory  a  performance  of  its  duties  as  has  taken 
place  on  this  occasion. 


Section  B.-~CH£MICAL  SOIENCE. 

Professor  W.  K,  Sullivan  read  a  paper  upon  the  Occurrence  of  the 
following  Acids  of  the  Series  On  Rn  04  <tmong  the  Products  of  the  Distil- 
lation of  Peai,  Jb^ormic  Acid,  Acetic  Acid,  Propionic  Acid,  and  Butyric 
Acid,  He  stated  that  he  first  observed  the  presence  of  butyric  acid  in  the 
acetic  acid  prepared  from  peat  about  five  or  six  years  ago,  but  had  not 
an  opportunity  of  examining  the  subject  further  until  recently,  when  he 
became  possessed  of  a  large  quantity  of  raw  products  of  peat,  which  he 
hoped  gradually  to  investigate.  The  process  of  separating  the  acids,  and 
the  result  of  the  analysis  of  some  of  the  compounds  of  each,  were  fully 
described.  The  salt  of  baryta,  which  was  obtained  with  butyric  acid, 
contains  four  equivalents  of  water,  and  therefore  corresponded  with  one 
of  Chancers  suts.    The  tendency  of  butyrite  of  baryta  to  crystallize  in 
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the  aah jdroitf  form  was  remarked  to  the  great  difieultj  of  obtaining  tlie 
hydrated  ones,  which  accounts  for  Lerches  having  alvrajs  obtained  that 
•alt  as  an  anhydrous  one. 

Professor  W.  A.  Miller  remarked  on  this  point,  that  butyrite  of  baryta 
appeared  to  be  capable  of  forming  eeveral  stilts,  and  that'  he  had  obtained 
it  in  plates  or  tubes  not  unlike  the  prnssiate  of  potash.  This  aalt  was 
anhydrous.  The  salt  of  potash  examined  by  Professor  SolliTan  crystal- 
lized in  pearly  scales ;  it  was  not  therefore  the  salt  of  the  acid  first  ob- 
served by  Mollner  in  the  fermentation  of  oonida,  tartrate  of  lime.  Pro- 
fessor Andrews  mentioned  ihe  interesting  facts,  that  the  acids  found  by 
Professor  Sullivan  as  a  product  of  distillation  haud  likewise  been  Iband  by 
Dr  Hodges  of  Beliast  to  be  formed  in  process  of  the  preparation  of  flax. 

Professor  Andrews  read  a  communication  on  the  Action  of  Heat  upon 
Ozone,  with  some  observations  en  the  occurrence  of  that  body  in  the 
atmosphere. 

Dr  VoBLCKsa  read  a  paper  on  the  Proportion  of  Organic  Pho^hanu 
in  Legwmin, 

Dr  Gladstone  read  a  paper  on  the  Novel  Use  of  the  Pristn  m  Detect- 
ing Impurities,  The  author  described  the  methods  of  examining  sub- 
stfuioes  by  means  of  a  prism,  especially  the  inatnictive  results  obtained 
with  liquids  when  the  ray  of  light  traverses  them  in  a  wedge-shaped 
vessel.  He  suggested  this  as  a  means  of  detecting  coloured  impurities 
when  they  do  exist,  and  of  proving  their  absence  when  they  are  wrong* 
fully  suspected.  He  showed  the  value  of  the  means  in  respect  to  oolooied 
confectionery,  tea,  and  mustard,  and  remarked  on  its  use  in  examining 
wines,  liquors,  pigments  used  in  the  fine  arts,  gems,  pharmaceutical  pre- 
parations, &c.  He  stated  that  the  prism  and  hollow  wedge  were  already 
used  as  a  commercial  means  of  ascertaining  the  purity  of  certain  snb* 
stances. 

Mr  Michael  Donovan  read  a  paper  on  Hygrometers  and  Hygromelry. 

Dr  Stevenson  Macadam  read  a  paper  by  Mr  John  Kyle  on  the  Ch&- 
mical  Composition  of  an  Ancient  Iron  Slag  from  Ayrshire, 

Professor  W.  A.  Millee  made  a  communication  in  the  nature  of  a 
report  on  Electro-Chemistry,  He  did  not  propose  to  enter  into  the  whole 
subject,  but  would  confine  himself  to  a  very  few  points,  as  it  was  impos- 
sible to  compress  the  whole  communication  into  a  small  space  within  the 
time. 

When  Professor  Miller  had  concluded  his  remarks,  a  long  discussion 
ensued,  in  which  Professor  Andrews,  Mr  W.  Sykes  Ward,  Dr  Gladstone, 
Dr  Odling,  and  the  President,  took  part,  and  the  latter  regretted  that 
Professor  Miller's  communication  on  a  subject  of  very  considerable  theo- 
retical interest  had  been  so  short. 

Dr  Daubeny  gave  an  account  of  a  New  Method  of  Refining  S%tgar^ 
conducted  at  Plymouth  by  Mr  Oxland,  and  known  by  his  name.  It  con- 
sists in  the  adoption  of  the  superphosphate  of  alumina  in  conjunction 
with  animal  charcoal,  as  a  substitute  for  the  albumen  usually  employed 
for  that  purpose.  In  both  cases  the  object  is  to  separate  and  carry  down 
the  various  impurities  which  colour  and  adulterate  the  pure  saccharine 
principle  present  in  the  syrup  expressed  from  the  cane  or  other  vegetable 
which  supplies  it.  As,  however,  bullock's  blood  is  the  material  usually 
procured  for  the  purpose  of  supplying  the  albumen,  a  portion  of  unoo- 
agulated  animal  matter,  together  with  certain  salts,  is  left  in  the  juice  in 
the  ordinary  process  of  refining,  which  impairs  its  purity  and  promotes 
its  fermentation-— thus  occasioning  a  certain  loss  of  saccharine  matter  to 
result.  Nothing  of  the  kind  happens  when  the  mperphosphate  is  substi- 
tuted, and  BO  much  more  perfect  a  purification  of  the  feculent  matters, 
under  such  circumstances,  takes  place,  that  several  varieties  of  native  su- 
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gar,  which,  fiom  being  very  highly  charged  with  feculent  matters,  are 
rejected  in  the  ordinary  process  of  refining,  are  readily  purified  by 
this  method.  The  employment  of  superphosphate  of  alumina  also  gets 
rid  of  so  much  larger  a  portion  of  the  impurities  present  in  the  sugar, 
that  much  less  animal  charcoal  is  subsequently  required  for  effecting  its 
complete  clarification  than  when  bullock's  blood  has  been  resorted  to. 
The  quantity  of  superphosphate  necessary  for  effecting  the  object  is,  for 
ordinary  sugars,  not  less  than  twelve  ounces  to  the  ton ;  whereas,  for  the 
same  quantity,  as  much  as  from  one  to  four  gallons  of  bullock's  blood  is 
found  to  be  required.  Dr  Daubeny  suggested  that  this  re-agent  might 
be  advantageously  resorted  to  not  only  in  the  purification  of  sugar,  but 
also  in  other  processes  of  the  laboratory,  when  the  removal  of  foreign 
matters,  intimately  mixed  with  the  solution  of  a  definite  component,  be- 
comes a  necessary  preliminary  in  its  further  examination. 

Mr  A.  H.  Hamilton,  son  of  Sir  W.  R.  Hamilton,  read  a  paper  en 
Electrical  Currents  in  the  Earth's  Surface, 


A  paper  on  various  Compounds  of  Cyanogen^  was  read  by  the  Presi- 
dent. 

The  following  papers  were  also  read  by — 

Dr  MiALL — On  the  Melting  Points  of  Bodies, 

Professor  Mallet — On  the  Atomic  Weight  of  Aluminium. 

Dr  Gladstone  read  some  notes : — First,  on  Explosive  Potassium. 
Second,  on  Froth,  Third,  on  the  Decomposition  hy  Heat  of  certain 
Ammoniacal  Salts,  His  remarks,  particularly  on  the  second  subject, 
gave  rise  to  a  long  discussion  as  to  the  importance  of  discovering  some 
method  of  remedying  the  inconvenience  caused  by  the  froth  in  certain 
fluids  used  for  the  purpose  of  photography.  It  was  stated  that  froth  did 
not  depend  upon  the  state  of  the  fluid,  for  it  was  found  even  when  it 
was  very  viscid.  In  using  collodion  there  was  little  inconvenience  caused 
by  the  presence  of  froth,  whereas  it  was  very  great  in  any  substance  in 
which  albumen  was  used. 

Dr  Odling  communicated  a  paper  by  Mr  E.  Riley  on  Fused  Cast-Iron, 

Professor  G.  Wilson  read  a  paper  on  the  vcmous  Processes  for  the 
Detection  of  Fluorine  in  any  Substance. 

Professor  Hodges  read  a  supplementary  report  on  the  Process  Em- 
ployed in  the  Preparation  of  the  Flax  Plant  for  Textile  Purposes. 

Professor  Yoelcker  on  the  Methods  of  Analyzing  the  Superphos- 
phates^ which  elicited  some  discussion  upon  the  value  of  having  careful 
and  accurate  analyses  made  of  artificial  manures. 

Dr  Gladstone  read  a  paper  on  the  Decomposition  hy  Heat  of  certain 
Ammoniacal  Salts  in  Solution. 

Mr  Alphonse  Gages,  curator  of  the  Museum  of  Irish  Industry,  read  a 
paper  on  some  Arseniates  of  Ammonia,  After  mentioning  the  arseniates 
of  ammonia  already  described  by  Berzelius  and  Mitscherlich,  and  noticing 
the  doubtful  character  of  the  description  given  in  books  about  the  pro- 
cesses for  preparing  the  salts  of  ammonia  and  arsenic  acid,  and  the  doubt^ 
ful  character  of  their  constitution,  he  then  described  his  own  experiments, 
in  which  he  verified  the  constitution  of  the  salts  mentioned  by  Berzelius 
and  Mitscherlich,  showing,  however,  that  the  salt  containing  three  equiva- 
lents of  ammonia  described  by  the  former  contains  seven  equivalents  of 
hydrated  water.    He  described  three  new  double  salts,  formed  by  arseniate 
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of  ammonia,  in  which  foda,  potasli,  &c.,  act  aa  the  second  baaea.  Ha 
alio  exhibited  lome  beautifulV^-crystallized  compouids  of  anenie  acid, 
with  morphia  and  quinine,  which  majr  probabljr  be  of  intereet  aa  thera- 
peutical agents. 

Dr  Woods,  on  the  Time  required  by  Compounds  for  Decomposition. 
This  contains  many  points  with  reference  to  the  conditions  which  infloenea 
the  intensities  of  ^ectric  currents  arising  £rom  different  chemical  actiona, 
and  subjected  to  the  same  amount  of  resistance.  The  heat  absorbed  in  the 
decomposing  part  of  the  cell  was  shown  in  all  the  instances  to  be  the  same 
in  equal  times,  so  that  the  decomposition^  and  consequently  the  intenaitj 
of  the  current,  is  inversely  proportional  to  the  quantity  of  heat  required 
for  the  decomposition  of  an  equivalent  of  the  substance  used  in  each  case. 
Other  important  results,  and  some  predictions  which  Dr  Woods  had 
already  had  an  opportunity  of  Yerifymg,  were  also  brought  forward  in 
this  paper. 

Dr  Lee  communicated  a  paper  by  the  Rot.  J.  B.  Read,  on  a  Nem 
Mitliod  of  Forming  Ammonic^  lodidee  of  Metals. 

Dr  Oduno  and  Dr  Dura^  on  the  Presence  of  Copper  in  the  Tissues  of 
Plants  and  Animals.  The  authors  had  made  more  than  100  examina- 
tions by  a  great  variety  of  processes,  and  had  recognised  the  presence  of 
copper  in  nearly  every  instance.  In  several  specimens  of  wheat  gnin 
and  of  human  viscera  the  amount  of  copper  had  been  estimated.  From 
100  grains  of  wheat-ash  the  authors  had  obtained  251  thousandths  of  a 
grain,  and  from  a  sheep's  liver  rather  more  than  one-half  a  grain  of  oxide 
of  copper.  The  process  was  to  precipitate  the  copper  electrolyticallj  on 
a  platinum  wire,  to  dissolve  in  nitric  acid,  and  to  ignite  the  residue  of 
the  evaporated  solution. 

Professor  W.  B.  Roobbs  communicated  a  paper  by  Dr  A.  A.  Hayea  on 
some  Modified  Results  attending  the  Decomposition  of  Bituminized 
Coal. 

Professor  Sullivan  on  the  Solubility  of  Salts  at  High  Temperatursj 
and  on  the  Action  of  Saline  Solutions  on  Silicates  under  the  Influenes 
of  Heai  and  Pressure. 

Dr  Oduno  read  a  paper  on  the  Effects  of  Alum  in  PanifUatUm. 

M.  L' Abbe  Moi ono  read  a  paper  upon  Three  New  Electrotype  Processes, 
and  exhibited  specimens  of  considerable  intereet.  The  first  of  these  im- 
proved processes  consists  in  the  employment  of  platina  wires  instead  of 
copper,  and  of  making  a  skeleton  figure  resembling  roughly  the  outline 
of  the  cast  sought  to  be  obtained,  by  means  of  which,  according  to  M. 
Lenoir's  process,  busts,  statues,  and  groups  can  be  produced  in  full  relief 
by  a  single  operation.  The  second  of  these  consists  in  M.  Oudrey's  pro- 
cess for  galvanising  or  coppering  iron  and  cast-iron  to  any  tiiickness  re- 
quired without  the  cyanide  bath.  He  added  remarks  upon  its  employment 
in  commerce  and  in  the  navy.  The  process  was  not  fully  communicated,  sa 
it  is  commercially  desirable  to  keep  it  a  secret,  but  sufildent  was  commu* 
nicated  to  show  that  the  cyanide  bath,  which  is  not  only  expensive  but 
dangerous,  can  be  dispensed  with,  and  that  the  present  system,  according 
to  which  there  is  a  great  waste  of  material,  is  avoided,  although  the  sub- 
stance that  is  placed  upon  the  iron  to  induce  the  deposit  of  the  copper 
is  not  stated.  The  last  branch  of  the  paper  treated  of  Messrs  Chnstofe 
and  Bouillet's  process  for  strengthening  electrotypes,  the  principle  of 
which  is  to  leave  an  opening  in  Uie  back  of  the  thin  electrotype  obtained 
by  predpitatinff,  and  to  put  into  it  various  little  pieces  of  brass,  which, 
on  being  melted  with  an  oxyhydrogen  blast,  become  diffused  all  over  the 
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Ulterior  tarfaiee  of  the  copper  without  injuring  it  in  anj  waj,  and  theiebj 
impart  to  it  the  strength  of  cast-iron. 

M.  TAbbe  Moigno  also  presented,  in  the  name  of  M.  Bertsch,  micro* 
scopic  photographs  ;  in  the  name  of  M.  Bingham,  improved  photographic 
copies  of  oil  pamtinffs ;  and  in  the  name  of  M.  Niepsce  de  St  Victor,  a 
perfectlj  new  method  of  exhibiting,  by  means  of  photography,  the  phos- 
phorescence and  fluorescence  of  bwlies. 

Dr  Gladstone  regarded  the  photographic  experiment  to  which  he  had 
just  referred  as  of  the  greatest  importance  to  art ;  for  it  might  be  r^;arded 
as  in  some  degree  ten£ng  to  throw  light  upon  the  hitherto  unsolred  ques- 
tion of  what  became  of  light  which  had  struck  an  object,  and  become  either 
absorbed  or  changed. 

Dr  Daubxnt  exhibited  some  8pecimen$  of  Paper  which  had  been  eon- 
verted  into  Parchment  The  discovery,  he  believed,  had  originated  in 
the  experiments  made  in  connection  with  the  manufacture  of  gun-cotton, 
as  it  was  accidentally  discovered,  when  dipping  paper  into  nitric  acid,  that 
the  same  effect  was  not  exercised  ui>on  it  as  upon  the  cotton,  but  it  wa« 
rendered  tough.     The  alteration  visible  in  tne  conversion  of  common 

Saper  into  parchment  after  being  dipped  into  weak  sulphuric  acid,  is  be- 
eved  to  be  attributable  to  the  substitution  of  an  atom  of  water  for  an 
atom  of  hydrogen. 

Mr  Syxbb  read  a  paper  on  the  Preservation  of  AHmmerUzed  Collodion 
PkUee. 

Dr  Babies  and  Dr  Oduno  read  a  paper  upon  the  Condition  of  the 
Thames  Water,  as  affected  by  London  Bewaqe,  and  said  it  was  now 
established  that  the  pouring  in  of  the  contents  of  the  drains  did  not  affect 
the  water  as  seriously  as  was  thought.  The  organic  matter  of  the  Thames 
was  chiefly  in  a  state  of  vitality,  and  therefore  there  was  not  so  much 
putrefaction  as  was  generally  supposed ;  at  high  water  there  was  the 
greatest,  and  at  the  ebb  tide  the  least  amount  of  organic  matter. 

Professor  W.  K.  Suluvam,  Ph.  D.,  read  a  paper  on  the  Method  of 
Determining  the  Nitrates  of  Plants,  He  pointed  out  the  great  import- 
ance of  finding  a  process  for  the  purpose,  because,  in  determining  the 
amount  of  nitrogen  in  plants  by  the  usual  processes,  a  part  of  the  nitro- 
gen of  the  nitric  add  is  included  in  the  result,  and  consequently  the  true 
amount  of  assimilative  azotic  principles  cannot  be  deduced  from  ultimate 
anidysis,  if  nitrates  be  present.  The  chief  feature  of  the  process  is  the 
use  of  sulpho-vinate  of  silver  to  precipitate  the  yegetable  adds,  the  silver 
salts  of  widdi  are  insoluble  in  absolute  alcohol,  while  the  nitrate  of  silver 
is  soluble.  He  also  pointed  out  a  method  of  separating  lactic  and  acetic 
acids  from  one  another  when  present. 

Mr  Q.  C.  FosTBB  read  a  paper  containing  Suggestions  towards  a  more 
Systematic  Nomenclature  jor  Organic  Boaies. 

Sir  J.  MuBKAT  read  a  paper  on  the  Choice  of  Annual  compared  with 
Perennial  Fertilizers,  He  had  to  submit  to  the  Chemical  Section  the  com- 
paratiye  value  of  fertilizers,  which  were  found  too  soluble  on  their  flooded 
umds,  or  in  wet  seasons,  as  compaared  with  a  chemical  manure,  now  first 
manufactured  purposely  as  such,  which  remained  almost  insoluble  until  the 
required  displav  of  its  constituent  ammoniates  and  phosphates  were  libe- 
rated, at  such  times  and  in  such  quantities  as  the  nourishment  of  green  crops 
and  the  ripeningof  grain  demanded.  Although  he  was  the  first  toappl^  dis- 
solved bones  and  bone-earth,  and  he  produced  luxuriant  crops  b^  vitriol- 
iased  bones  forty  years  ago,  notwithstanding  his  being  the  originator  of 
that  agricultural  improvement,  ret  he  felt  that  the  soluble  pnospbates 
were  too  soluble ;  tfiat  they  melt  very  fast  in  a  rainy  dimate,  and  watt 
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into  subsoil  below  the  mould,  or  were  carried  off  in  floods  and  rivers. 
The  same  objection  in  some  degree  applied  to  salt  of  ammonia.     After 
many  years*  experience  in  the  north,  and  on  his  experimental  fields  near 
Dublin,  as  also  by  a  long  series  of  experiments  carried  out  for  him  bj  Mr 
Brabazon,  the  gardener  of  the  Richmond  Lunatic  Asjlum,  and  bj  Mr 
Wrigly,  the  governor,  from  1835  to  1842,  he  felt  more  and  more  the 
conviction  that  the  above  principal  qualities  of  manures  should  be  con- 
solidated and  locked  up,  like  a  magazine  of  manuring  elements,  to  be 
liberated  little  by  little,  and  month  by  month,  as  the  crops,  seasons,  and 
times  of  germination,  and  the  formation  of  heavy  ears  of  grain,  demanded 
suitable  supplies  of  ammoniacal  and  phosphatic  imbibition.      Aware 
that  double  phosphate  of  ammonia  and  magnesia  were  found  in  calculi 
and  secretions,  and  in  the  deposits  of  pigeons  and  other  animals,  and 
that  this  salt  retained  its  constituent  prmciples  until  acted  upon  by  de- 
grees by  some  common  acids,  he  recommended  parties  to  set  about  an 
artificial  factory  of  a  salt,  so  sparingly  furnished  by  nature,  and  which 
hitherto  was  only  shown  as  a  specimen  in  the  collections  of  chemical 
professors.     He  now  laid  before  them  some  of  the  precipitate  or  double 
phosphate  of  ammonia  and  magnesia.     The  result  of  its  composition 
and  use   were— first,   a  triple  salt  or  precipitate  composed  of  equal 
parts  of  phosphate  of  ammonia  and  phosphate  of  magnesia.    This  com- 
pound of  the  chief  elements  of  real  guano  is  fortunately  so  insoluble  that 
it  will  remain  long  in  the  tanks  or  lands.    Yet,  when  young  turnips  or 
early  germination  of  other  crops  require  fast  feeding,  the  £urmer  can 
dissolve  any  reasonable  proportion  of  his  triple  phosphate  by  sprinkling 
over  the  lands  or  middens  a  little  muriatic  acid,  mixed  in  any  light 
dust,  or  in  water  or  sewerage.  This  acidulous  solvent  will  render  plenty  of 
triple  phosphates  absorbable  in  plants,  and  will  enable  the  young  crops 
to  imbibe  all  they  can  take,  and  to  reserve  the  residue  for  a  succeeding 
growth.     Wheat  and  other  grains  need  little  or  no  phosphates  till  they 
begin  to  perfect  their  seed  when  ripening.      Turnips  want  phosphate 
constantly  for  five  months ;  but  evanescent  superphosphates  of  lime, 
which  were  like  sugar  in  the  first  rains,  will  not  wait  nine  months  to  en- 
rich the  ears  of  com,  nor  will  it  stay  five  months  to  give  a  daily  meal  to 
turnips  or  potatoes.     It  was  a  better  plan  to  lay  on  the  land  more  lasting 
food.     Ammoniacal  and  phosphatic  salts  are  evanescent,  if  not  preserved 
in  more  durable  combination  with  a  more  permanent  fixant  than  any 
hitherto  applied  by  art.     Having  alluded  to  means  which  all  farmers  can 
use  to  save  the  waste  of  animal  and  other  emanations  about  their  tenements, 
he  would  place  before  them  a  sample  of  the  dried-up  generator  of  triple 
phosphates  wherever  this  dried-up,  acidulated,  and  bicarbonated  alkaline 
powder  can  meet  with  ammoniates  and  phosphates.     It  arrests  them,  and 
locks  them  up  in  a  magazine,  from  which  none  of  them  can  escape  until 
a  little  sprinkling  of  cheap  muriatic  aoid  renders  them  obtainable  by  de- 
grees. 

Mr  R.  L.  Johnson  then  read  a  paper  on  Illuminating  Peat  Oas,  He 
stated  that  it  is  now  nearly  half  a  century  since  a  Parliamentary  Com- 
mittee appointed  by  Government  to  report  on  Irish  peat  named  the  town 
of  Sligo  and  the  Hill  of  Howth  as  the  extreme  points  of  a  straight  line, 
and  Gal  way  and  Wicklow  Head  as  the  extreme  points  of  another  straight 
line,  between  which  two  straight  lines  lay  the  six-sevenths  of  all  the  peat 
in  Ireland,  the  remaining  one-seventh  being  distributed  throughout  loca- 
lities on  either  side  of  these  lines.  Having  named  the  difiierent  localities 
where  peat  is  distributed,  the  total  number  of  which  in  acres  aj^pears 
to  be  tlu^e  millions,  Mr  Johnson  entered  into  a  detailed  description  of 
the  mode  by  which  he  obtained  illuminating  gas  from  common  ^eat  or 
turf,  which  he  produced  by  the  double  decomposition  of  the  constituents 
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of  tlie  peat.  He  stated  that  works  for  tlie  production  of  the  gas  have 
been  recently  erected,  and  are  in  actual  operation  in  two  places  in  Ireland. 
The  gas  produced  wafl  good,  and  its  cost,  as  stated  to  him  by  a  gentleman 
who  was  using  it,  less  than  two  shillings  the  thousand  cubic  feet.  He 
stated  that  from  one  single  pound  weight  of  common  peat  an  hour's  light 
may  be  produced,  and  that  its  cost  being  so  very  small,  it  should  ultimately 
be  extensively  used  throughout  Ireland,  and  in  its  production  there  was 
one-third  of  charcoal. 

Professor  Sullivan  corroborated  Mr  Johnson's  statement,  and  said  that 
he  saw  the  gas  produced  when  the  experiments  were  going  on,«  and  that 
it  appeared  good ;  and  £rom  what  he  had  seen  and  he^rd  from  men  who 
gave  the  study  of  peat  considerable  attention,  Mr  Johnson  had  succeeded 
in  producing  a  cheap  and  good  light  from  a  heretofore  valueless  though 
abundant  source. 

Dr  Rawdon  M^Namaba  read  a  paper  oti  Coloured  Confectionary,  in 
which  he  drew  the  attention  of  the  Section  to  the  large  quantity  of  highly 

Sisonous  colouring  matters  employed  in  the  manufacture  of  confectionary, 
e  referred  to  cases  of  deaths  resulting  from  this  practice.  He  then 
alluded  to  the  manner  in  which  these  substances  are  coloured  by  vege- 
table colouring  materials  of  a  harmless  nature,  and  suggested  that  a  list 
of  such  colours  should  be  compiled  by  parties  competent  to  the  task,  £rom 
which  alone  confectioners  should  be  permitted  to  select  their  colours.  He 
gave  a  sketch  of  such  a  list,  and  exhibited  some  beautifully-coloured  con- 
fectionary, in  which  such  colouring  matter  had  been  detected.  These 
confections  he  had  for  some  time  in  his  possession,  and  their  colours  did 
not  appear  to  have  faded.  In  conclusion,  he  cautioned  the  public  against 
buving  any  confectionary  in  which  green  or  blue  colours  exist,  as  such 
colours  are  probably  produced  by  poisonous  agencies. 

Mr  Alphonsb  Gages  read  a  paper  on  the  Specific  Qravity  of  that  ex- 
tremely dofingerous  compound,  Chloride  of  Nitrogen,  He  gave  the  deter- 
minations, which  were  extremely  close  to  those  given  many  years  ago  by 
Sir  Humphry  Davy.  He  also  mentioned  the  fact  that  chloride  of  nitro- 
gen dissolves  in  absolute  alcohol  without  decomposition,  but  if  the  solution 
be  allowed  to  stand  for  a  few  hours,  it  decomposes ;  and  others  may  pro- 
bably afford  a  means  of  determining  accurately  the  composition  of  this 
interesting  body.  He  described  an  apparatus  for  introducing  the  chloride 
of  nitrogen  into  the  alcohol,  and  mentioned  the  character  of  the  reaction 
which  took  place. 

Mr  Jasper  Rogees  read  a  paper  on  the  Properties  of  Carbonized  Peat 
Moss,  in  its  uses  Chemically  and  Medicinally,  Its  value  medically  he 
elaborately  pointed  out,  especially  in  all  the  cases  of  indigestion,  dys- 
pepsia, &c.  But  he  specially  drew  attention  to  the  value  of  the  prepara- 
tion as  a  means  for  preventing  infection  from  the  dead  and  the  evils  of 
decomposition  after  burial.  He  pointed  out  the  means  by  which  it  might 
be  used. 

Professor  Cameron  read  a  paper  on  Urea  as  a  direct  source  of 
Nitrogen  in  Vegetation,  He  showed  that  nitrogen  was  also  available 
as  food  for  plants,  when  a  constituent  of  urea,  as  in  its  ammoniacal 
combination  ;  or,  in  other  words,  that  urea,  without  being  converted 
into  ammonia,  may  be  taken  up  into  the  organisms  of  plants,  and  there 
supply  the  necessary  quantity  of  nitrogen.  He  described  the  experi- 
ments which  led  him  to  this  conclusion,  which  were  very  elaborate,  and 
were  made  on  barley  plants  in  confined  spaces  supplied  viiih  air  freed 
from  ammonia.     The  following  conclusions  were  deducible  from  the  re- 
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folti  of  his  ezperimento,  ▼!>:— 1.  That  the  perfect  deTelopiiient  of 
berle/  can  take  plaee,  under  oertun  eonditions,  in  soil  end  air  deiti- 
tvte  of  ammonia  and  its  oompoonds.  2.  That  urea  in  sointion  is  ea- 
pable  of  being  taken  Tmchan|;ed  into  tiie  organisms  of  plants.  8.  Thai 
urea  need  not  be  oonrerted  into  ammonia  before  its  nitroeen  beoomes 
avaOable  for  the  purposes  of  Tegetation.  4.  That  the  fertuising  effects 
of  nrea  are  little  u  at  all  inferior  to  the  salts  of  ammonia,  5.  Tluit  there 
exists  no  neoessitj  for  allowing  drainings  or  other  fertilizing  sabstaaoes 
containing  urea  to  ferment,  but  that,  on  the  oontraiy,  greater  benefits 
must  be  derived  finom  their  applieation  in  the  recent  or  nn&rmeaited  eon* 
dition. 

Mr  J.  W.  RooKBS  read  a  paper  on  the  Chemical  Properties  of  the 
Potato^  and  its  Uses  as  a  deneral  Article  of  Commerce  if  properly 
manipulated.  The  object  of  the  paper  was  to  show  that  the  matter  of 
the  potato  was  in  realitj  eqaal  in  nutritive  value  to  the  dry  matter  of 
wheat,  whilst  the  quantum  of  food  produced  from  a  given  quantity  of 
land  was  nearly  four  times  that  produced  from  wheat  He  exhibited  some 
very  interesting  specimens  of  the  production  of  the  potato  in  meal,  flour, 
£tc.,  and  gave  the  following  results  of  analysis : — 

Staroh.  <Haten.  Oil. 

Conponenta  of  the  potato  per  ewt.,       84,0771b.         143181b.       1,1041b. 
bo.        of  wheat,    .       .       .       78,199  17^536  4^265 

And  gave  the  following  important  fact  as  to  the  quantum  of  food  from  an 
acre  of  land: — 

StarBh.  Gluten.  OiL 

Dry  matter  of  potaU),  .       3427  lb.  G04  lb.  45  lb. 

Dry  matter  of  wheat,     ...         825  185  45 

Mr  Patrick  then  read  a  paper  on  the  Composition  of  the  Iron  Ore  of 
the  Leitrim  Coal  Field,  vrith  some  remarks  on  the  advantages  of  that 
district  for  the  Manufacture  of  Iron, 

A  paper  by  Dr  Llovd  on  the  Pu^rification  of  Large  Towns  hy  means 
of  Dry  Cloaca  having  been  read. 

The  concluding  communication  was  made  by  Dr  Gilbsrt,  being  a  Pre- 
liminary  Notice  of  Researches  on  the  Assimilation  of  Nitrogen  by 
Plants  f  by  Messrs  Laices,  Cfilbertf  df  Pugh,  The  great  importance  of 
settling  the  question,  Whether  or  not  plants  can  assimilate  the  free  nitro* 
gen,  of  which  the  atmosphere  to  such  a  great  extent  consists  ?  was  first  in- 
sisted upon.  In  a  purely  scientific  point  of  view  the  question  was  of  high 
interest,  and  if  answered  in  the  affirmative  this  would  add  a  very  striking 
fact  to  the  history  both  of  nitrogen  itself  and  of  the  vegetative  functions. 
A  true  theory  of  many  agricultural  facts  and  practices  also  required  a 
definitive  solution  of  this  debated  point.  Earlier  writers  supposed  that  the 
free  nitrogen  of  air  could  be  taken  up  by  plants.  De  Saussure  and  others 
came  to  an  opposite  conclusion;  and  this  latter  view  had  been  pretty 
generally  adopted  by  scientific  observers.  Boussingault  in  particular  had 
brought  experimental  evidence  to  show  thai  plants  did  not  assimilate  the 
nitrogen  of  the  air.  But  during  the  last  few  years  a  most  elaborate  and 
extensive  series  of  investigations  had  been  made  by  M.  O.  Ville  of  Paris, 
the  results  of  which  led  him  to  conclude  that  plants  assimilated  a  consider- 
able amount  of  free  nitrogen.  M.  Boussingault  had  followed  up  the  ii^ 
quiry  in  various  ways,  and  still  maintained  the  opposite  opinion.  It  was 
hence  of  the  highest  importance  that  a  third  party  should  undertake 
the  subject,  and  it  was  to  thit  end,  and  the  zesuits  so  fiur  obtained,  ihait 
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tiL«  ftothon  brougbt  their  plan  for  diseoseion  before  the  Section.  Thej 
deseribed  the  seTeval  methods  adopted  hj  MM.  Boussineaiilt  and  Ville* 
and  tiien  illustrated  by  drawings  their  own  methods  ana  results.  In  all 
eases  the  plants  were  growing  in  soil  and  atmosphere  destitute  of  all  com- 
Imied  nitrogen  in  the  first  instance.  To  some,  however,  as  their  growth 
seemed  to  indicate  the  need,  small  and  known  quantities  of  ammonia  were 
added.  Drawings  of  the  progress  of  the  plants  showed  an  enormous  in- 
crease of  growth  where  the  ammoniacal  supply  was  given.  In  these  cases 
the  plants  promised  to  yield  seed,  and  theur  height  and  general  develop- 
ment was  pretty  natural.  In  the  other  instances,  owing  to  the  com- 
bined nitrogen  of  the  seed  sown  and  the  free  nitrogen  of  the  air,  the 
plants  wero  exceedingly  small,  and  withered  before  comine  to  perfec- 
tion. The  final  result  could  not,  however,  be  known  until  the  grow- 
ing plants,  the  soil,  and  the  pots  in  which  they  grew,  wero  analysed, 
when  the  debtor  and  creditor  account,  so  to  speak,  of  the  nitrogen  could 
be  made  up.  Other  researches  wero  also  in  progress  to  determine  the 
rotation  of  the  gases  evolved  during  the  growth  of  plants,  to  the  consti- 
tuents actually  assimilated. 

In  the  discussion  which  followed,  the  President  and  Professor  Daubeny 
took  ]>art ;  the  latter  gentleman  ezprossing  his  satisfaction  that  the  ques- 
tion was  now  taken  up  by  some  third  person,  and  it  was  being  conducted 
on  such  a  considerable  scale,  and  at  Mr  Lance's  Observatory ;  for  he  had 
read  with  some  surprise  the  apparont  sanction  given  by  the  Institute  of 
France  to  the  opinions  of  M.  Ville,  which  so  many  scientific  considera- 
tions would  lead  us  to  hesitate  in  adopting. 

After  further  romarks  from  Dr  Gilbert,  Dr  Pugh,  one  of  those  associated 
with  him  in  the  inquiry,  entered  into  further  explanations  illustrating 
the  methods  adopted  and  the  difficulties  and  sources  of  error  to  be  over- 
come  or  avoided. 


Section  C— GEOLOGY. 

Mr  Jukes  described  so  much  of  the  One-Inch  Qeolcgical  Map  of  Ire- 
land  as  is  published,  or  is  on  the  point  of  publication,  mentioning  the 
maps  of  the  counties  of  Wicklow,  Wexford,  and  Waterford,  and  parts  of 
the  adjacent  counties  from  Dublin  Bay  to  Cork  Harbour,  and  entering 
into  some  details  as  to  the  geological  structuro  of  the  country. 

Mr  E.  Wood,  F.G.S.,  road  a  joint  paper  by  Professor  De  Konnick  and 
himself,  on  a  New  Oenus  of  Crinoidsfrom  the  Carboniferous  Bocks  near 
Biehmond  in  Yorkshire,  all  of  which -have  been  discovered  by  Mr 
Wood.  They  aro  very  remarkable,  inasmuch  as  the  stems  of  all  the 
species  are  much  thinner  at  the  base  than  at  the  summit,  probably  proving 
them  to  be  unattached,  and  floating  free  on  the  water.  The  paper  was 
illustrated  by  some  large  drawings  and  a  splendid  series  of  specimens. 

Mr  Fox  road  a  report  on  the  Temperature  of  some  Deep  Mines  in 
Cornwall,  and  gave  a  tabular  statement  of  the  result  of  his  observations. 
He  said,  that  in  the  case  of  Trosarcan  mine  the  depth  had  been  increased 
540  feet  between  1837  and  1853,  and  the  temperature  had  increased 
^6  in  the  deepest  level,  or  in  the  ratio  of  1^  in  63*5  feet.  Mr  Fox 
drew  attention  to  these  numbers  as  among  the  most  interesting  facts  which 
had  come  under  his  observation. 

Sir  R.  L  MuROHisoN  on  the  Quartz  Rocks,  Crystalline  Limestone, 
Micaceous  Schists  of  the  North  Western  Highlands  of  Scotland  prov&i 
to  he  of  Lower  Silurian  Age,  through  a  recent  Discovery  of  Fossils  by 
Mr  C.  Peaeh,  by  Sir  B,  I.  Murehieon,  F.B.A.,  and  with  a  Note  on  the 
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FoBixU  by  J.  W,  Salter y  Esq.  F,O.S.  The  opinion  stated  by  Sir  L  Mur- 
chison  to  the  meeting  in  GWficow,  aa  to  the  age  of  the  above  rocks,  had 
been  confirmed  by  Mr  Peach's  discovery  of  fossils  in  them  similar  to 
those  found  in  the  ^* calciferons  sand  rock'  of  America,  which  imme- 
diately overlies  the  Potsdam  sandstone.  This  is  in  harmony  with  the 
fact  of  American  types  appearing  in  the  lower  silurians  of  Scotland  and 
Ireland,  which  are  not  known  in  England  and  Wales.  The  author 
confirmed  in  his  belief  of  the  pro^ble  lower  Silurian  age  of  the 
schists,  quartz  rocks,  and  altered  limestones  of  Connemara. 

The  Kev.  Mr  Symonds  remarked  that  Hugh  Miller  searched  for  fossil 
fishes  in  the  nodules  from  a  rock,  coloured  as  old  red  sandstone,  in  the 
island  of  Skye,  but  he  was  evidently  inclined  to  rank  them  as  lower  beds. 
Sir  R.  I.  Murchison's  idea  of  these  rocks  is,  that  they  are  lower  siluriaii, 
or  perhaps  Cambrian,  and  in  this  Sir  Roderick  differs  from  Professor 
Nichol.  As  far  as  the  fossils  go,  the  rocks  belong  to  the  lower  silurian 
age,  but  the  fossils  are  rather  obscure.  Hugh  Miller  probably  would 
have  now  agreed  with  Sir  Roderick  on  the  point  to  which  this  paper  re- 
fers, viz.,  the  physical  position  of  the  quartzites  of  West  Scotland. 

Mr  Forbes  confirmed  Sir  R.  I.  Murehison's  ideas,  as  he  finds  traces  of 
favosites  in  the  rocks  on  the  west  coast  of  Norway  which  are  as  com- 
pletely mica  schists  as  those  found  in  the  north-western  Highlands  of 
Scotland. 

Mr  Jukes  corroborated  Sir  Rodericks  views,  as  the  rocks  on  the  north- 
west of  Ireland  are  in  the  same  strike  as  those  of  the  north-west  of  Scot- 
land. In  Galway  there  were  in  the  mica  schists  limestones  containing 
nodules  in  which  would  probably  be  found  similar  fossils.  One  fact  con- 
nected with  the  junction  of  these  beds  is,  that  the  upper  rocks  contain 
angular  fragments  of  the  lower  already  converted  into  mica  schists. 

Colonel  Portlock  made  some  observations  on  the  great  importance  of 
studying  local  geology  thoroughly  as  the  only  meaSis  to  enable  the  geo- 
logist to  generalize  on  a  larger  scale. 

Professor  Haughton  exhibited  some  specimens  of  fossil  stems  frwn 
the  yellow  sandstone  of  Hook  Pointy  County  Wexford,  One  of  the  spe- 
cimens exhibited  a  singular  structure,  the  central  column  being  placed 
near  the  outer  edge,  and  twiniqg  round  the  stem  in  a  spiral  manner. 
All  the  other  stems  shown  contained  the  central  vascular  bundle  in  its 
usual  position.  He  considered  these  plants  to  be  closely  allied  to  stig- 
maria  found  in  similar  deposits  in  Donegal  and  Mayo. 

Professor  Phillips  wished  to  express  his  obligations  to  Mr  Haughton 
for  the  interesting  facts  he  had  laid  before  the  Section.  He  conceived  it 
highly  probable  that  Mr  Haugh ton's  specimens,  the  spiral  structure,  may 
be  due  to  a  climbing  plant  surrounding  another,  and  that  in  fact  there 
are  the  remains  of  two  plants  in  the  fossil.  There  were  climbing  plants 
found  in  the  coal  measures.  Professor  Phillips  thought  it  possible  that 
further  examinations  of  other  specimens  would  enable  Professor  Haugh- 
ton to  add  further  discoveries  in  regard  to  the  curious  structure  in  ques- 
tion. 

Professor  Habkness  read  a  paper  on  the  Records  of  a  Triassic  Shore. 
The  area  occupied  by  the  trias  strata  referred  to  occurs  in  the  north-west 
of  England  and  the  south  of  Scotland.  The  deposits  which  form  this 
series  consist  of  argillaceous  strata  and  sandstones,  and  these  beds  have 
their  surfaces  marked  by  ripples,  which  have  resulted  from  the  action  of 
the  wind  on  shallow  water.  Ripples  of  another  character  also  occur,  and 
these  have  been  produced  by  the  influence  of  small  rills  traversing  a 
muddy  shore.     Tracks  which  have  originated  from  the  wanderings  of 
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cmstaoeans  likewise  make  their  appearance  on  the  surface  of  the  sand- 
stone, and  with  these  are  found  associated  the  sinuous  tracks  of  annelids, 
as  well  as  the  pitted  hollows  which  form  the  entrances  into  the  burrows 
of  these  animals.  Pseudomorphic  crystals  of  salt  are  also  exhibited  in 
the  state  of  small  pyramidal  elevations  on  the  under  sides  of  the  sand- 
stones, affording  evidence  of  natural  salt-pans  on  this  triassic  shore. 
Small  pittings  mark  in  many  instances  the  faces  of  the  sandstones,  and 
the  surfiEu^s  reposing  upon  these  pitted  faces  manifest  little  dome-like 
elevations.  These  have  arisen  from  the  eifect  of  rain-drops,  in  most  in- 
stances of  a  small  size,  resulting  from  fine  rain  ;  in  some  mstances,  how- 
ever, oblong  impressions  make  their  appearance,  and  they  are  the  results 
of  heavy  drifting  rain.  All  the  physical  conditions  on  these  ancient  shores 
are  such  as  we  find  under  favourable  circumstances  on  the  sandy  and 
muddy  coast  of  onr  present  seas. 

The  Rev.  W.  S.  Symonds  read  a  paper  on  a  New  Species  of  Euryp- 
teras  from  the  Old  Red  Sandstone  of  Herefordshire.  This  fossil  was 
discovered  by  the  parish  clerk  of  Rowlstone,  Herefordshire,  and  pre- 
sented to  the  Rev.  W.  Wen  man.  MrSymonds  examined  the  correlation 
of  the  roeks  in  v^hich  the  fossil  wafl  found,  and  stated  that  they  were  gray 
sandstones  of  the  upper  corn  stones,  and  pass  upwards  into  red  and  choco- 
late coloured  sandstones  and  the  old  red  conglomerate. 

Professor  Phillips  noticed  the  interesting  natureof  the  problem  connected 
with  the  discovery  of  this  new  fossil  in  a  rock  immediately  succeeding  the 
upper  Silurian  rock  containing  peroxide  of  iron.  The  author  had  proved 
the  continuance  of  organic  life  in  a  series  of  rocks  probably  two  thousand 
feet  higher  than  had  hitherto  been  found  in  the  particular  geological 
period  to  which  his  paper  referred. 

Mr  Dn  Noter  read  a  paper  on  the  Junction  of  the  Slates  and  Granite 
cfKilliney  Hilly  County  Dublin.  He  called  attention  to  the  way  mica 
schist  and  granite  were  intermingled  with  each  other  near  their  line  of 
junction,  giving  them  the  appearance  occasionally  of  interstratification, 
but  showing  that  this  appearance  was  fallacious,  and  was  the  result  of 
masses  of  the  mica  schist  being  caught  up  in  shallow  hollows  of  the  gra- 
nite, and  dipping  down  into  them,  as  if  passing  under  some  of  the  pro- 
jecting tongues  of  granite.  He  also  called  attention  to  some  curious 
arrangement  of  the  mica  in  portions  of  the  granite  adjoining  the  slates, 
and  brought  forward  some  interesting  fa<:ts  relating  to  the  veins  of  gra- 
nite and  eurite  traversing  both  the  granite  and  the  slates. 

Signor  Pisani  of  Lucca,  read  Professor  Meneghini*s  paper  on  the 
Recent  Advance  of  Palceontoloffical  Research  in  the  Tuscan  Territory. 

Colonel  Portlock  made  a  few  observations  upon  it.  The  eruption  of 
igneous  rocks  at  successive  ertochs  has  introduced  much  local  variation  in 
the  deposits,  and  so  remarkable  have  these  eruptions  been,  that  Professor 
Meneghini  and  other  Italian  geologists  have  shown  that  it  is  possible  to 
arrange  them  in  a  chronological  order  in  reference  to  the  stratification. 
Notwithstandiug  the  difficulty  consequent  on  these  eruptions,  the  true 
sequence  of  the  whole  series  of  sedimentary  rocks,  from  tne  bottom  of  the 
secondary  to  the  recent  alluvium,  has  been  now  established.  The  interest 
of  these  determinations  increases  as  we  approach  the  more  recent  epochs  ; 
and  two  imjportant  facts  should  not  be  overlooked,  viz.,  the  remarkable 
physical  comcidence  of  the  cretaceous  and  tertiary  limestones,  combined 
with  the  distinctive  character  of  their  fossils ;  and,  secondly,  the  recur- 
rence of  the  same  fossU  forms  and  of  the  same  physical  conditions. 

Dr  G&iFPiTH — Notes  on  the  Rocks  below  the  base  of  the  Carboniferous 
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Bocki  <^  Irdand.  He  laid  tbeM  mdn  oeenr  In  three  dirtriete  in  fbe 
narUi«  tu.,  at  Pomeioj,  at  Curlew  MonntaanB  in  SUgo,  end  at  the  Gmgli- 
mojle  Mountains  in  Majo,  and  in  one  laige  diBtriot  in  the  eovth.  riz.,  in 
Oork  and  Keirj.  He  eonduded  bj  statuig  that  he  considered  he  was 
joetified  in  eaUing  these  roeks  silaiian,  and  therefiire  introdneii^  differ* 
ent  lettsn  and  eoTiunns  on  his  map. 

Professor  Junn  read  a  paper,  the  joint  composition  of  himself  and  Mx 
Do  Nojer,  on  the  OeologiccU  Structure  of  IHngU  Promontofy,  The 
object  of  this  paper  was  twofold : — Is^  To  describe  the  ver  j  cnriaos  strDD- 
tore  of  the  Dingle  Promontory,  comprised  of  upper  silurian  ( Wenloek  and 
Ladlow)  rock  on  the  extreme  west  of  the  promontory,  oYerlaid  by  ro^ 
10,000  or  12,000  feet  thick,  called  Glengariff  grits  and  Dingle  beds»  ohiei^ 
green  and  purple  grits  and  conglomerates,  with  red  slates  and  some  cal- 
careous bands  (comstones).  2d,  To  point  out  the  bearing  of  these  £Mts 
on  the  nomenclature  of  these  rocks. 

Mr  SLATsa,  on  the  Fossils  of  the  Dingle  dittriet.  The  author  staled 
that  the  Wenlock  and  Ludlow  formations  were  both  present  at  Din^^ 
each  well  developed,  and  bearing  a  great  resemblance  to  the  similar  beds 
in  Great  Britain,  with,  howerer,  some  difference  in  the  distribution  of  the 
fossils.  The  author  also  drew  attention  to  the  fact  that  this  is  the  only 
upper  Silurian  district  in  Ireland, — ^that  of  Uggool,  County  Mayo,  being 
ratner  the  uppermost  beds  of  the  great  Llandoyery  or  Mayhill  sandstone 
series,  so  fuUy  derelop^  in  Connemara. 

Professor  Phillips  said,  that  about  fourteen  years  ago  he  had  spent  three 
days  in  the  Dingle  district,  and  could  say  from  his  researches  then,  and 
by  what  he  had  since  read  and  heard,  that  the  subject  presented  many  and 
great  impediments  to  the  acquirement  of  a  sound  and  satisfactory  eon- 
elusion.  In  his  opinion,  the  beds  discorered  by  Mr  Jukes  should  be  called 
the  '*  Dingle  or  Ulengariff*'  beds,  and  not  "Devonian." 

Professor  J.  R.  Mallet  exhibited  the  SeeHon  and  Oeologie<U  Meip  of 
the  State  of  Alabama^  recently  prepared  by  the  late  Professor  Tnome/^ 
to  accompany  his  Report  on  the  State  Survey.  The  principal  geologiimi 
features  of  the  country  were  noticed,  and  the  resoltmg  pecuUaritiea  of 
soil  and  economic  adyantages  briefly  alluded  to. 

Professor  Phillits  then  read  his  paper  on  the  Ironstone  Bands  tn  the 
Oolites  of  Yorkshire, 

Mr  Jaicxs  Yeats  exhibited  a  Fossil  Cbne,  probably  from  the  Oreen 
Sand  Formation,  and  explained  the  appearances,  which  proved  that  it 
belonged  to  the  proper  ooniferas,  illustrating  his  statement  by  producing 
specimens  of  cones  belonging  to  the  cycadesB. 

Mr  A.  B.  Wymnb  next  read  a  paper  on  a  section  taken  in  a  north 
and  south  direction  across  the  Galtee  Mountains,  in  the  south  of  Ireland. 

Mr  0' Kelly  called  attention  to  and  exhibited  a  Section  across  Sliece- 
ncmiuck,  south  of  Tipperary,  where  there  is  an  east  and  west  vault,  with 
a  throw  of  at  least  5000  teet,  which  brings  the  coal  measurea  abutting 
against  the  silurian. 

Mr  O.  H.  KiNAHAM  read  a  paper  on  the  Igneous  Bocks  of  Valentia^ 
which  are  found  in  the  old  red  sandstone  formation  and  ocean,  of  several 
distinct  characters,  the^most  largely  developed  being  a  greenstone,  which 
occurs  in  more  than  one  locality,  as  well  on  the  isluid  of  Valentia  as  on 
the  mainland. 

Professor  W.  B.  Rooxas  read  a  paper  on  the  Discovery  of  Parudoxid€9 
in  New  England.    This  fosril  was  discovered  in  a  quarry  near  Boetoo, 
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which  had  been  open  for  thirty  jeers  without  its  being  sospeeted  by  men 
of  sdence  that  the  roek  was  fossiliferous.  A  speoimen  whieh  Professor 
Rogers  had  suoceedod  in  tracing  to  that  quarry  had  been  lying  in  a  museum 
for  many  years.  It  had  been  named  P.  Harla/nrU^  and  was  supposed  to 
be  a  foreign  specimen.  These  rooks  lie  between  great  ridges  cif  igneous 
rocks  running  along  the  eastern  margin  of  the  state  of  Massachusetts,  and 
although  greatly  metamorphosed,  they  exhibit  very  good  specimens  of  Tri- 
lobites.  The  parodoxides  is  a  fossil  found  at  several  localities  in  Europe, 
sffid  always  in  the  lowest  fossiliferous  beds.  Some  specimens  from  Boston 
appear  to  be  very  similar  to  P.  Spinoaus  of  Barrande,  whieh  species  is 
abundantly  found  in  idl  the  lower  beds  of  Bohemia.  It  is  therefore  im- 
portant as  determining  the  age  of  these  New  England  rocks*  Up  to  the 
present  time  the  oldest  fossiHferous  beds  in  the  district  in  whicn  these 
fossils  had  been  found  were  beds  containing  coal  plants.  These,  howe?er, 
are  separated  from  the  beds  near  Boston  by  a  huge  mass  of  igneous  and 
metamorphic  rocks.  Professor  Rogers  remarked  that  the  cuscoyery  of 
these  fossils  confirmed  the  idea,  that  during  the  earlier  geological  epochs 
there  was  a  more  general  uniformity  in  the  distribtttion  of  organic  life 
than  IB  at  jpresent  the  case.  A  series  of  exquisitely  executed  photographs 
of  the  specimens  referred  to  were  exhibited. 

Mr  RoBSBT  Mallbt  produced  his  Fourth  Report  upon  Ea/rthquake 
PhenofMma,  in  abstract,  under  three  heads,  the  first  head  giyes — Firgt^ 
the  discussion  of  the  British  Association  Catalogue  of  6000  earthquakes, 
by  curves  representing  the  distribution  in  Ximey^alpha)  for  all  historic 
duration,  Q>eta)  for  seasons,  (gafMna)  for  months.  Secondly ^  the  distri- 
bution in  space  oyer  the  earth's  surface.  The  important  conclusions 
are— ^r«t,  that  the  intensity  of  seismic  forces  is,  in  long  periods,  uniform 
or  invariable ;  ieeondly,  that  it  is  paroxysmal ;  thirdly,  that  there  is  a 
real  preponderance  during  the  winter  season  in  each  henusphere  respeo- 
tively.  As  to  distribution  in  space :  The  spot  on  the  earth's  surface  which 
suffers  most  seismic  disturbance  is  the  island  of  Luzon  in  the  Indian 
Archipelago.  The  second  head  of  the  Report  referred  to  is  the  construc- 
tion of  seismometers,  in  which  the  author  described  the  yarious  sorts  of 
instruments  that  had  been  proposed  at  yarious  periods  and  by  different 
persons,  and  mentioned  their  defects.  The  first  instrument  consisted 
merely  of  a  bowl  of  treacle,  the  motion  of  which,  and  the  line  which  was 
marked  upon  the  side  of  the  yessel,  indicated  the  direction  and  force  of  the 
shock.  An  Italian  inyented  another  contrivance  almost  equally  rude.  It 
was  a  bowl  containing  quicksilver,  and  haying  eight  spouts  projecting 
from  the  edge.  The  shock  was  shown  by  the  particular  spouts  out  of 
which  the  mercury  was  cast.  Mr  Mallet  having  alluded  to  the  inherent 
difficulties  of  the  subject,  described  the  principles  of  the  new  seismometer, 
which  he  proposed  as  best  meeting  the  conditions  in  the  present  state  of 
our  knowledge.  It  consists  essentially  of  four  heavy  balls  propelled  along 
slightly  inclined  planes  in  paths  whose  directions  are  those  of  the  four 
canlinal  points,  with  means  of  determining  in  time  the  paths  that  they 
described  as  due  to  a  given  disturbance  of  the  whole  system.  Under  the 
laet  head  Mr  Mallet  described  the  work  already  done  and  the  state  of  the 
experiments  upon  the  rate  of  wave  transit  in  the  rocks  of  Holyhead,  taking 
advantage  of  the  great  blasting  operations  in  progress  there,  in  which  as 
much  as  eight  tons  of  gunpowder  is  sometimes  firod  at  once.  The  shodc 
was  so  great  as  to  be  lelt  at  a  distance  of  two  miles,  and  even  to  throw 
crockery  off  a  shelf  at  a  distance  of  eight  miles.  The  length  of  base  oyer 
which  the  transit  is  measured  is  nearly  a  mile  (4486  feet),  and  has  been 
trigonometzically  measured  with  scrupulous  care. 

Mr  Austin  observed  that  an  illustration  of  the  elaitieity  of  the  earth's 
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surfaoe  was  afforded  some  jean  ago  upon  the  occasion  of  an  explosion  of 
gunpowder  at  Hoanslow.  He  was  himself  distant  thirty  miles  firom  the 
place  at  the  time ,  and  yet  felt  the  shock  of  it.  At  a  distance  of  forty  miles 
from  the  spot  a  gentleman  happened  to  be  seated  in  his  gig  conyeisii'ir 
with  another.  The  latter  had  one  foot  on  the  step  and  the  other  on  tbe 
ground,  and  remarked  to  his  companion  that  he  felt  some  movement  of 
the  earth  beneath  his  foot.  This  he  felt  fire  times,  and,  taking  out  his 
watch,  he  noted  accurately  the  time  when  he  felt  the  shocks.  On  the 
very  same  day,  at  three  o'clock  in  the  aO^moon,  a  paper  which  was  paV 
lished  at  Lewes  stopped  going  to  press,  and  next  day  had  a  notioe  to  tii:« 
effect : — **  Just  as  we  were  going  to  press  yesterday  five  slight  shocks  of 
earthquake  were  felt  at  this  place,"  naming  the  time  at  which  the  explo- 
sion occurred.  He  himself  at  a  distance  of  thirty  miles  felt  the  earth 
ware,  and  also  heard  the  air  wave ;  but  the  gentleman  who  felt  the  shiiick 
at  the  gig  told  him  that  he  heard  no  sound  whatever,  but  merely  the  pas- 
sage of  something  beneath  his  feet.  He  believed  that  Lewes  was  distant 
from  Hounslow  about  ninety  miles,  a  remarkable  distance  for  a  wave  to 
be  propagated  from  so  simple  an  occurrence  as  the  explosion  of  a  mass  of 
gunpowder. 

In  answer  to  an  observation  from  a  gentleman  in  the  body  of  the  room. 

Mr  Mallet  alluded  to  the  earthquake  of  Rio  Gambia,  where  the  shock 
came  up  perpendicularly,  and  shot  people  into  the  air  to  the  height  of 
1(X)  feet. 

Professor  Haughton  suggested  a  means  by  which  Mr  Mallet's  observa- 
tions upon  granite  rocks  might  be  made  instrumental  to  the  ascertaining: 
of  the  horizontal  velocity  of  the  earthquake  wave,  and  the  point  from  which 
the  shock  proceeded. 

Mr  SoRBY,  071  some  facts  relating  to  Slaiy  Cleavage.  Mr  Sorby  states 
some  conclusions  which  had  presented  themselves  to  his  mind  r^aiding 
the  ultimate  structure  of  slate  rocks,  showing  that  two  orders  of  structure 
are  detected  by  the  microscope — one  referable  to  pressure  on  a  plastic, 
the  other  to  pressure  on  a  partly  rigid  body.  He  mentioned  the  systematic 
presence  of  mic^,  varied  by  quartz,  in  certain  slates,  and  stated  his  view 
of  the  origin  of  these  two  minerals  by  metamorphism  from  felspar  clay. 
Experiments  on  the  effects  of  pressure  on  plastic  and  rigid  materials  were 
given,  and  a  tabular  view  of  two  varieties  of  structure  due  to  pressure  and 
metamorphism  on  rocks  originally,  not  essentially,  dissimilar. 

Professor  Kino,  on  Mineral  and  Rock  Cleavage.  The  principal 
conclusions  he  has  come  to  are,  that  mineral  cleavage  is  a  superinducml 
structure,  the  same  as  rock  cleavage ;  and  that  rock  cleavage  is  due  to  the 
same  law,  modified,  that  produced  mineral  cleavage.  As  regards  what 
has  often  been  termed  slaty  cleavage,  he  considers  that  there  are  two 
kinds — a  true  and  a  false  one  ;  and  he  has  come  to  the  folio iving  conclu- 
sions. That  true  slaty  cleavage  is  ordinary  rock  cleavage  aflfected  by  com- 
pression applied  perpendicularly,  or  nearly  so,  to  the  planes  of  the  latter  ; 
and  that  false  cleavage  is  simply  due  to  pressure  applied  laterally  to  the 
horizontal  direction  of  its  planes. 

Professor  Haughton  exhibited  a  model  illustrative  of  his  views  on  slaty 
cleavage,  and  adduced  arguments  in  support  of  the  mechanical  theory. 

Professor  H.  D.  Rogers  disagreed,  and  pointed  out  great  difiSculties 
which  the  advocates  of  the  mechanical  theory  would  have  to  encounter. 

A  long  and  interesting  discussion  followed. 

Professor  Harkness,  on  the  Jointings  and  Dolomitization  of  the  Lower 
Carboniferous  Limestone  of  the  County  of  Cork,  The  district  around 
Cork  consists  of  a  series  of  nills  and  valleys,  the  former  composed  of  De- 
vonian, and  the  latter  of  limestone  belonging  to  the  lower  portion  of  the 
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carboniferous  series.  In  the  latter  are  joints  haying  three  directions ;  one, 
the  prevailing  direction,  being  north  and  south,  and  of  the  other  two,  one 
is  abnost  horizontal,  and  the  other  oblique.  These  joints  occur  in  great 
profusion  in  most  of  the  limestone  localities ;  but  in  certain  spots  where 
the  limestone  is  silicious  and  thin-bedded  the  jointings  are  imperfect  and 
the  stratification  distinct.  Among  these  limestones  were  are  seen  in  some 
quarries  in  the  neighbourhood  of  Cork  dykes  of  dolomite,  and  then  djkes 
in  jointed  limestone  conforming  to  the  main  north  and  south  joints.  In 
the  quarries  where  the  stratification  is  distinct  we  often  find  also  dolomites, 
and  these  agree  with  the  planes  of  stratification.  The  production  of  these 
dolomites  appears  to  be  subsequent  to  the  deposition  of  the  strata  in  which 
they  occur.  From  the  observations  of  Regnault,  it  would  seem  that  sea- 
water  (containing  sulphate  of  magnesia)  is  capable  of  exerting  consider- 
able influence  on  limestone,  giving  rise  to  carbonate  of  magnesia  and  sul- 
phate of  lime  ;  and  the  phenomena  exhibited  bj  the  district  around  Cork 
would  lead  to  the  inference  that  sea-water,  finding  access  into  rocks  by 
joints,  and  in  some  instances  al9ng  the  planes  of  stratification,  has  pro- 
duced the  dolomitic  masses. 

Dr  Clarke  read  a  paper,  in  which  he  described  the  elevation  of  an  an- 
cient sea^beach  of  the  coast  of  the  county  of  Waterford^  extending  about 
2^  miles,  and  reaching  at  one  part  an  elevation  of  60  feet.  He  exhi- 
bited the  cetacean  remains  found  in  it,  and  stated  that  it  was  obviously  of 
the  past  era,  though  all  its  fossil  shells  had  living  representatives  in  the  ad« 
jolnmg  bay ;  and  after  comparing  its  age  with  the  chief  shelly  deposits  in 
Ireland,  as  the  marls  of  Wexford  and  Wicklow,  and  of  Londonderry,  he 
added,  that  it  was  perhaps  the  most  recent  of  which  we  have  geological 
proof  in  Ireland.  He  next  described  an  igneous  protrusion  (mark^  in 
Dr  Griffith's  map),  with  a  view  of  fixing  the  geological  age,  and  describ- 
ing its  effect  on  the  adjoining  strata.  This  rock  presents  itself  in  greatest 
force  at  Newtown  Head,  where  it  reached  an  elevation  of  60  feet.  To  the 
elevating  influence  of  this  rock  Dr  Clarke  assigned  the  upraised  position 
of  the  ancient  sea-beach,  as  it  was  evident,  from  the  section  of  the  coast 
exhibited,  that  the  latter  formed  with  the  dyke  a  great  anticlinal  ridge, 
whose  crest  was  immediately  over  the  highest  part  of  the  igneous  rock, 
and  the  surface  of  the  beach  was  everywhere  parallel  to  the  trap  protru- 
sion beneath.  He  also  remarked,  that  200  yards  north  of  the  great  dyke 
a  smaller  one  existed,  and  it  too  was  in  the  centre  of  another  anticlinal 
ridge,  in  the  surface  of  which  the  raised  beach  was  everywhere  parallel. 
The  author  then  remarked,  that  as  the  igneous  mass  seemed  to  have  up- 
raised the  beach,  so  it  must  itself  be  referred  to  a  period  during  the  same 
era,  but  antecedent  to  its  close,  or  to  the  recent  period  of  Sir  Charles 
Lyell,  but  at  present  referable  to  the  former,  owing  to  the  absence  of  hu- 
man remains  or  works  of  art ;  and  as  the  occurrence  of  traps  in  post-ter- 
tiarv  rocks  is  rare,  he  considered  that  the  assignment  of  so  recent  a  date 
to  the  igneous  protrusion  at  Newtovni  Head  would  prove  of  interest  to 
Irish  geologists.  Dr  Clarke  then  described  an  exteneive  deposit  of  peat, 
four  feet  under  the  level  of  the  tide,  at  a  point  commencing  immediately 
adjoining  the  southern  extremity  of  the  raised  beach.  Dr  Clark,  added, 
that  it  would  be  well  if  it  were  generally  known  that  the  uncovering  of 
parts  of  saline  peat,  and  its  use  as  fuel,  is  attended  with  danger,  owing  to 
the  production  of  sulphuretted  hydrogen,  arising  from  the  hydrogen  of 
the  decaying  vegetable  matter  on  the  sulphur  of  the  saline  sulphate. 

Professor  Hennessy  read  a  paper,  in  which  he  attributed  the  changes 
of  the  earth's  structure  to  the  ckange  of  the  secb-level  at  different  times.  If 
the  globe  had  solidified  from  a  fluid  state,  judging  from  the  appearance 
in  the  cooling  of  fused  rocks,  we  should  get  a  change  in  the  distribution  of 
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matter  withmii.  This  would  diftrilmte  laad  and  water  m  a  dtfhrart 
■laaner,  and  a  rery  miall  ohaago  in  the  eUutiettj  of  tbe  liquid  emrAnfm 
of  the  globe  would  luffioe  to  piwlooe  great  ehangee. 

Mr  R.  Godwin  Auitin  read  a  paper  on  the  Occurrence  of  a  Boulder 
of  Granite  in  tKe  White  Chalk  of  the  8outh-East  of  England,  He  de- 
■eribed  the  threefold  dirision  of  the  eretaeeous  series  of  the  south-east 
of  England,  rix., — 1.  The  littoral  shingle  of  the  lower  greensand  at  Far- 
rington,  in  a  sea  not  ezoeedinf  ten  fathoms.  2.  The  gault  in  deep  beds 
OTor  the  south-east  of  England,  its  littoral  beds  Ijing  to  the  west»  the 
Haldon  Sands.  3.  The  area  of  the  white  chalk  rangra  as  fiir  north  as 
from  the  north  of  Ireland  to  the  Baltic  at  Riga,  and  extending  to  a  broad 
sone  over  North  Germany.  In  North  Europe  the  conditions  of  the  de- 
position were  remarkably  uniform  over  the  whole  of  the  Anglo-Freneh 
basin  ;  800  feet  is  its  ayerage  thickness,  and  it  is  all  a  deep-water  deposit 
Rolled  shingle  and  firaements  of  extraneous  rocks  hare  been  foond  in  the 
chalk  in  many  places.  They  are  all  of  crystalline,  mostly  of  granitic  origin. 
Their  siae  is  not  considerable,  but  yet  beyond  the  moying  power  indicated 
by  the  white  chalk :  the  means  of  transport  usually  empU>yed  to  tranapoit 
materiali  into  great  depths  are  floating  seaweed  and  icebergs.  He  de- 
scribed the  Croydon  boulder ;  it  is  too  large  to  hare  been  carried  by  any- 
thing but  ice.  It  was  found  in  connection  with  other  similar  materials 
which  had  evidently  been  deposited  at  the  same  time.  These  rocks,  so 
assembled,  only  exist  in  the  Seandinayian  mountains ;  and  their  being 
found  in  this  position  throws  light  on  the  distribution  of  land  and  wattf 
in  the  north  of  Europe  as  tiie  epoch  of  the  deposition  of  the  chalk ; 
there  were  these  regions  lying  to  the  north  of  the  Chalk  Ocean,  from 
which  the  boulders  were  borne  by  icebergs  and  floes,  as  at  the  preaent 
time.  The  reason  that  these  boulders  are  not  of  more  frequent  occurrence 
in  the  chalk  was  explained,  with  referoice  to  the  present  path  taken  by 
the  icebergs  in  the  Atlantic.  During  the  drift  period  of  tbe  Pliocene 
dirision  of  geological  history  the  set  of  the  liberated  ice  was  more  east- 
em,  dependent  on  considerations  which  are  well  understood,  and  can  be 
made  available  for  any  period. 

Professor  Phillips  remarked  that  the  lump  of  granite  which  occurred  in 
the  chalk  was  of  a  y&tj  peculiar  kind,  and  quite  different  to  any  of  tiieir 
English  granites.  It  was  composed  of  quartz  and  felspar,  and  without 
mica,  in  this  and  other  respects  accurately  resembling  the  granite  of  Scan- 
dinavia. At  the  time  of  the  deposition  of  the  chalk  the  granite  of  Scan- 
dinavia may  have  been  found  in  part  of  a  range  of  mountains  which  ex- 
tended to  the  Hiffhlands  of  Scotland.  In  the  oolitic  deposits  of  Yorkshire 
the  sediment  in  we  rock  pointed  to  some  land  which  may  have  existed  in 
the  neighbourhood  of  Sosnduiavia.  The  late  Professor  Forbes,  in  his 
theory  to  account  for  the  distribution  of  plants  and  animals,  proved  that 
there  was  a  connection  between  the  northern  portions  of  Europe  and  the 
north  of  England. 

Herr  Hseman  Sohlagintwbit  made  some  ohiervaHone  in  reference  to 
Erosion  and  Cleavage,  particularly  with  reference  to  observations  made 
by  his  brother  Adolphe,  who  had  paid  particular  attenti<«  to  the  acienoe  of 
geology  during  the  travels  of  the  three  brothers  in  India.  ^  The  erosion 
was  said  to  amount  on  an  average  to  a  depth  of  1500  feet  in  the  Hima- 
layas, and  IB  proved  to  exist  by  the  deposit  of  rocks  and  by  the  spoon- 
shaped  excavations  of  the  sides.  Its  most  important  consequences  were 
detailed, — the  change  in  the  transporting  power  of  rivers,^  drainage  of 
lakes,  and  subsequent  dryness  of  the  atmosphere,  which,  £}r  instance,  ex- 
plains the  formation  of  salt  lakes  with  a  general  revolution  in  meteorokH 
fical  conditions.  Changes  in  climate  and  vegetation  have  been  produced 
y  the  appearance  of  new  deep  vacancies  whieh  did  not  fomorlj  exist. 
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Theee  haye  an  inilaenoe  on  onireiits  of  air  and  on  the  transparency  of  the 
air,  which  is  limited  in  conseqa^doe  of  the  currents  of  air  at  different  tem- 

Stratnres.  The  ehief  cause  of  this  erosion  is  the  amount  of  the  irregular 
strihution  of  rain  in  recent  geological  periods.  In  the  Himalayas  there 
are  hardljr  any  lakes.  The  princimtl  and  lateral  valleys  meet  nearly  in 
the  same  inclmation ;  waterfalls  do  not  exist  at  all.  All  this  is  in  conse- 
quence of  the  erosion  having  there  existed  to  a  much  greater  degree  than 
in  Central  India  or  in  the  Thiamshan  chain  of  mountains.  Brides  the 
mass  of  water,  also  the  great  quantity  of  suspended  mud  was  pointed  out 
as  increasing  the  erosion.  On  the  subject  of  the  deavage,  M.  Schlagin- 
tweit  pointed  dut  the  connection  between  the  intersection  of  cleavage 
plains  and  the  position  of  the  poles  in  magnetic  rocks.  The  apparent 
parallelism  between  certain  cleavage  planes,  with  the  strata  of  stratified 
rocks  in  their  divisions,  and  the  several  facts  which  tended  to  show  thai 
in  many  cases  the  deavage  planes  have  been  produced  by  a  force  which 
had  been  decomposed,  and  resolved  in  different  directions  by  meeting  un- 
equal resistance. 

Mr  Robert  Chambers  said — In  the  valleys  of  Scotland  the  glacial  drift 
forms  in  some  places  the  flanks  of  the  valley,  having  a  narrow  channel  at 
the  bottom  cut  out  by  the  existing  river.  The  present  river  action  is  there- 
fore not  the  origin  of  the  valley,  which  must  have  been  produced  under 
?^uite  a  different^set  of  conditions.  He  attributed  it  to  sea  action  at  dif- 
erent  times.  He  alluded  to  the  &ct  of  the  sea  having,  in  many  parts  of 
the  Scottish  coast,  excavated  caves  in  the  solid  rock.  When  the  roof  of 
these  falls  in,  and 'the  land  becomes  elevated,  valleys  will  be  formed. 
He  then  proceeded  to  draw  a  comparison  between  the  valleys  of  Scotland 
and  India,  and  showed  that  the  secondary  valleys,  or  those  excavated  by 
means  of  the  existing  riven  in  India  through  the  solid  rocks,  were  often 
1500  feet  in  depth,  Uiough  agreeing  in  a  geological  point  of  view  with 
those  of  Scotland. 

Professor  Oldham  confirmed  to  the  fullest  the  statements  of  Herr  Schla- 
gintweit.  He  himself  had  seen  valleys  in  the  Himalayas  of  recent  river 
formation,  the  depth  of  which  were  fully  4000  feet—- those  of  1500  to  1800, 
with  perpendicular  sides,  were  common.  That  puch  were  not  formed  by  sea 
action  is  quite  evident,  the  sinuous  character  being  of  itself  enough  to 
show  this.  The  wonder  at  the  extraordinary  power  of  rain  water  and 
river  water  to  produce  such  an  amount  of  erosion  would,  perhaps,  be  les- 
sened when  the  enormous  amount  of  rain  which  fiills  during  four  months 
of  the  year  is  taken  into  account.  He  himself  measured  thirty  inches  of 
rain  as  having  fallen  in  24  hours,  and  the  total  amount  in  four  months  was 
600  inches  (50  feet^. 

Mr  Hopkins  read  his  Report  on  the  Conductive  Powers  ofva/rioue  Roek$, 
Mr  Hopkins  gave  an  account  of  the  results  of  numerous  experiments 
which  he  had  recently  made  on  the  conductive  power  of  various  substances 
for  heat.  To  explain  the  objects  of  these  experiments,  he  stated  that  if  a 
globe  of  any  large  dimensions,  like  the  earth,  were  heated  in  any  manner 
and  in  any  degree,  and  then  left  to  cool  by  the  radiation  of  heat  from  the 
surface,  the  temperature  of  the  mass  at  points  not  too  remote  from  its  sur- 
face, and  after  a  great  lapse  of  time,  would  follow  a  very  simple  law — ^the 
increase  of  temperature  in  descending  below  the  surface  would  be  propor- 
tional to  the  increase  of  depth,  supposing  the  conductive  power  of  the 
mass  to  be  the  same  throughout.  But  if  a  stratum  of  another  substance 
(as  sedimentary  matter,  for  instance,  in  the  case  of  the  earth)  superim- 
posed on  the  sphere,  its  horizontal  extent  being  large  in  proportion  to  its 
thickness,  the  rate  of  increase  of  temperature  in  descending  within  this 
stratum  would  be  greater  or  less  than  in  the  olher  parts  of  the  sphere,  ac- 
cording as  the  condnetive  power  should  be  less  or  gseator.    It  would  be 
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approximatelj  in  the  xnyerse  proportion  of  the  oondoctire  powers.  Tne 
principal  object  of  these  experiment  waa  to  aaoertain  whetbo^  such  he 
the  case  or  not.  The  conductive  powers  of  lime,  claj,  and  sand,  in  the  sta't? 
of  dry  powder,  are  in  the  order  in  which  thej  are  now  mentioned ;  cal- 
careous rocks,  from  dry  chalk  to  hard  mountain  limestone,  vary  in  their 
conductive  powers  (on  the  numerical  scale  adopted)  from  1*7  to  5*5  deg. ; 
sandstone  rook,  from  2*5  to  7*5 ;  granite,  and  very  hard  compact  felspathic 
rocks,  from  5  to  10.  Hence  it  follows,  that  if  the  terrestrial  heat  obserrtd 
at  present  in  mines.  Artesian  wells,  &c.,  be  entirely  heat  transmitted  &vin 
a  central  nucleus,  the  rate  at  which  the  temperature  increa,5es,  as  in  de- 
scending below  the  surface  of  the  earth,  ought  to  be  very  different  in  diifer- 
ent  formations.  It  a])]H'urs,  however,  that  this  rate,  in  known  mining- 
shafts  and  Artesian  wells  which  have  penetrated  to  the  greatest  dept^^. 
and  in  which  the  observations  are  most  trustworthy,  in  different  |«rt« 
of  Western  Europe,  is  nearly  the  same  in  different  formations.  Tr^ 
author  compared  the  two  cases  of  the  well  at  Paris  and  a  vertical  c  al 
shaft  at  Tuckenfield,  near  Manchester.  He  estimated  the  conductive 
power  in  the  former  ciise  at  one-half  of  that  in  the  latter;  while  it  kos 
found  by  observation  that  there  was  an  increase  of  one  deg.  F.  for  everv 
f)(  >  feet  of  depth  in  the  former,  and  for  about  64  feet  in  the  latter  instance- 
whereas  these  depths,  instead  of  being  in  the  ratio  of  60 :  64,  ought,  accord- 
ing to  the  theory,  to  be  at  the  ratio  of  60  :  120.  This  proves  that  the  teiD- 
perature  observed  in  these  cases  cannot  be  due  merely  to  heat  transmittv<i 
from  the  interior  of  the  earth  by  ordinary  conduction.  The  author  stati-d 
also  that  he  had  investigated  the  influence  of  induration,  pressure,  moi'i- 
ture,  and  discontinuity  on  the  conducting  powers  of  various  substances, 
referring  for  details  to  a  paper  lately  read  before  the  Koyal  Society- 
Professor  H.  D.  Rogers  read  a  paper  on  the  Geological  Survrv  of 
Penns)flraniay  icith  Maps  and  Illuairationg,  The  author  described  the 
difTicultics  experienced  in  the  execution  of  this  survey,  &om  the  absence 
of  accurate  maps  of  the  country,  which  compelled  him  to  execute  a  parti  j1 
topographical  survey  in  addition  to  other  work.  During  a  portion  of  tb«» 
time  the  Professor  had  to  carry  on  the  undertaking  at  his  own  expense. 
The  paper  was  illustrated  by  some  very  good  engravings  of  the  loca- 
lities and  by  the  geological  map  of  the  State,  and  the  methods  adopttti 
in  conducting  the  survey  were  briefly  sketched. 

Oenx^ral  iih\tch  of  the  Dutricts  already  visited  hftJie  Geological  Surrf** 
of  India,  By  Thomas  Oldham,  A.M.,  F.R.S.,  G.S.,  &c.,  Superintendei;! 
of  Geological  Survey  of  India. 

The  labours  of  the  Geological  Survey  of  India  have  been  conducted 
hitherto  under  great  difficulities.  More  recently,  however,  the  liberalitv 
of  the  Government  of  India  had  greatly  extended  the  establishment  of  Xl^ 
survey,  and  he  trusted  that  their  future  progress  would  be  rapid  and 
effective.  The  only  general  sketch-map  of  the  geology  of  India  which  thev 
had  was  that  published  by  the  late  Mr  Greenough.  This  was  a  work  of 
great  value,  and  gave  abundant  proof  of  the  extent  and  labour  o£  its  au- 
thor in  its  compilation.  As  might  be  anticipated  under  the  circumstance?, 
it  was  full  of  errors  ;  and  perhaps  few  could  speak  more  confidently  of 
this  than  himself.  But  at  the  same  time  it  was  a  most  valuable  contri- 
bution, and  would  prove  a  most  useful  guide  to  future  observers.  The 
officer  of  the  geological  survey  had  exammed  several  districts  of  consider- 
able area  in  detached  positions,  and  the  results  which  he  was  able  to  lay 
before  the  section  might  therefore  appear  less  ^connected  than  he  could 
wish.  But  every  day  would  tend  to  unite  them  more  closely ;  and  his  ob- 
ject was  now  simply  to  report  progress,  and  to  show  that  something  had 
been  done  to  elucidate  the  structure  of  India.  Referring  first  to  the  districts 
to  the  eastof  the  Bay  of  Bengal;  the  Tennasserim  Proviuces  extend  for  about 
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9ix  degrees  of  latitude  along  the  east  shores  of  the  Bay  of  Bengal.    In 
breadtn  they  seldom  exceed  more  than  one  defi;ree  of  longitude.    From 
Siam,  on  the  east,  these  proyinces  are  separated  by  an  int^mpted  range 
of  mountains,  occasionally  rising  to  7000  or  8000  feet  high,  but  the  ge> 
neral  height  of  which  is  to  the  north  about  4000,  diminishing  in  passing 
southwards  to  3000  feet  or  less.    The  main  direction  of  this  range  is 
north  and  south :  this  being  also  the  general  direction  of  the  coast  line,  of 
the  minor  and  outlying  ranges  of  hiUs,  and,  therefore,  of  the  rivers.   The 
geological  structure  is  tolerably  simple,  although  at   first  sight  appa- 
rently complicated,  from  the  great  disturbances  to  which  the  rocks  haye 
been  subje^ed.    The  central  range  ia  of  granite,  occasionally,  but  not  fre- 
quently of  syenitic  character ;  itself  traversed  by  thick  veins  of  large  crys« 
talline  felspaihic  granite,  and  often  along  its  outer  edges,  or  near  its 
junction  with  overlying  dates,  characterized  by  the  presence  of  tinstone 
as  an  ingredient  of  the  mass  disseminated  among  the  other  mineral  con- 
Btitnents.    This  granite  axis  is  succeeded  by  highly  metamorphic  rocks  of 
gneissic  and  micaceous  character,  themselves  cut  up  by  numerous  veins  of 
granite,  which,  however,  do  not  extend  far  from  the  junction.    Upon 
these    is   a   great    accumulation   of   bluish    and   bluish-black  eaAhy 
beds,  thinly  laminated,  of  thin-bedded  grits,  and  of  pseudo-porphyritic 
rode,  the  normal  character  of  which  is  an  earthy  hard  rock  with  small 
irregularly  disseminated  sub-ci^stalline  felspar,  passing,   on  the  one 
hand,  into  slates,  and,  on  the  other,  into  grits,  often  coarse  and  conglo- 
meritic.    These  harder  rocks  form  all  the  higher  grounds  of  the  outer 
ranges  of  hills.    This  series  being  best  seen  in  the  southern  province  of 
Mergin,  has  been  provisionally  called  the  '^Mergin"  series.    The  total 
thickness  is  about  9000  feet.    It  is  succeeded  unconformably  by  hard  sand- 
stones in  thick  and  massive  beds,  with  their  earthy  partings,  generally  of 
reddish  tints,  occasionally  deep  red  and  yellowish.    A  few  beds  are 
slightly  calcareous,  and  in  the  upper  portion  a  few  thin  and  irregular 
bands  of  earthy  blue  limestone  occur.    Above  these  rest  about  200  feet 
of  soil  sandstone  in  thin  beds,  upon  which  apparently  rests  the  massive 
limestone  of  the  country  so  largely  seen  near  to  Moulmein.    The  thick- 
ness of  the  entire  group  is  about  6000  feet,  and  as  some  of  its  members 
are  but  seen  in  the  northern  province  of  Moulmein,  I  have  provisionally 
called  it  the  ^*  Moulmein' '  series.  To  determine  the  age  of  the  older  of  these 
two  groups  (the  Mergin)  we  have  no  data.   The  aspect  of  much  of  the  rocks 
is  very  similar  to  the  trappean  ashes  and  felstones  so  abundant  in  the  si* 
lurian  rocks  of  this  country,  while  others  are  lithologically  like  De  vonian  ; 
but  these  resembUncos  are  very  deceptive;    The  age  of  the  Moulmein 
series  is,  however,  tolerably  defined  by  its  organic  contents.    These  ap* 
pear  to  fix  the  age  of  the  group  as  distinctly  carboniferous.    The  whole 
of  these  rocks  were,  subsequently  to  their  induration  and  disturbance, 
widely  and  greatly  denuded,  and  on  their  upturned  edges  at  intervals  is 
found  a  series  of  conglomerates  and  sandstones  and  imperfectly  coherent 
shales,  with  thick  beds  of  coal,  generally  of  lignitic  character.     None  of 
the  conglomerates  are  coarse ;  the  sandstones  are  fine,  gritty,  and  pebbly, 
or  clean  white  quartzose   grits ;    the  shales   thinly    laminated ;    the 
coal  itself  thinly  disposed  in  thin  flaky  laminae,  with  earthy  streakings 
marking  its  structure.    In  addition  to  the  total  unconformity  of  these 
rocks,  the  imbedded  organic  remains  are  quite  distinct.     They  consist  of 
dicotyledonous  plants  (leaves)  belonging  to  the  group  of  the  Laureacess,  and 
probably  to  the  genus  Laurophilum  of  Goppert.    In  the  thin  papery 
shales  which  overlie  the  coal  are  also  remains  of  fish  (scales,  &c.)  of 
fresh-water  character;  the  whole  referring  the  beds  to  a  very  recent 
epoch,  probably  corresponding  in  part  to  the  pliocene  of  European  geo- 
logists.   It  is  curious  to  notice  here  the  absence  of  any  coal  in  the  car- 
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Ixnufbroas  xocki  Mow,  and  ita  abimdaiit  prroonce  in  tbose  neirar  beds. 
Tlie  total  thickness  of  these  beds  does  not  exceed  900  to  1000  feet.  Thej 
aie  nerereontmnonsly  traceable ;  the  j  occur  heaped  up  against  and  separated 
hy  the  projecting  ridges  of  the  higher  grounds,  and  must  haTe  be^i  de- 
posited when  the  physical  conformation  of  the  country  was  reirj  similar 
to  that  now  existing.  Thej  appear  to  be  the  resnlt  of  a  series  of  fresh-wa- 
ter deposits,  formed  in  small  lake-like  expansions  along  the  lines  of  the 
great  drainage  Tallejs  of  the  eoontrj,  and  to  mark  a  line  of  general  and 
greater  depression  between  the  main  ridge  of  hills  diriding  Siam  from 
The  British  dominions,  and  the  outer  ridges  which  occur  between  this  and 
the  sea.  The  direction  of  the  main  drainage  of  the  country  is  determined, 
as  already  remarked,  by  the  direction  of  these  ranges,  and  is  discharged 
into  the  sea  through  narrow  rocky  gorges,  which  haye  a  direction  nearly 
east  and  west,  and  which  are  due  to  lines  of  breakage  and  dislocatkm.  To 
this  is  due  the  sudden  alteration  in  the  direction  of  the  courses  of  the 
larger  rirers,  as  may  be  seen  on  maps.  Rocks  similar  to  those  attested 
in  the  Tenasserim  provinces  extend  northwards  up  the  course  of  the  Sal- 
ween  Riyer,  and  into  the  adjoining  districts  of  Burmah,  to  the  north  east 
of  Pegu.  And,  again,  close  to  the  capital  of  Burmah,  and  stretehing 
nearly  north  and  south,  as  far  as  examined,  high  ridges  of  metamorphie 
rocks  are  again  met  with,  consisting  of  gneiss,  micaceous  schists,  and 
highly  crystalline  limestones,  occasionally  of  a  fine  white  coIobt,  and 
largely  used  by  the  Burmese  for  sculpture.  But  the  great  yalley  of  the 
Irrawady  is,  throughout  a  yery  large  extent  of  its  course,  bounded  em 
either  side  by  a  thick  series  of  rocks,  chiefly  sandstones,  but  with  massiTe 
limestones  also,  which  are  locally  rich  in  fossils,  and  which,  from  this 
eyidence,  may  be  clearly  referred  to  the  eocene  period.  These  stretch  on 
both  sides  of  the  riyer  as  far  north  as  Pu^diu,  beyond  which  the  higher 
grounds  recede  from  the  riyer  banks ;  but  they  are  in  all  probability  con- 
tinued thence  into  Munipoor,  and  so  united  with  the  nnmmulitic  rocks  of 
the  Khasi  and  Caohar  Hills.  These  rocks  haye  been  considerably  disturbed 
and  broken,  but  haye  a  general  and  preyailing  strike  nearly  north  andsontii, 
which  strike,  throughout  many  miles,  has  determ  ined  the  general  courseof  the 
Riyer  Irrawady.  Their  thickness  is  considerable,  certainly  exceeding  5000 
feet.  Aboye  these  eocene  rocks,  and  resting  upon  them  with  sl^ht  uneonlb^ 
mity,  is  a  series  of  beds  of  no  yery  great  thickness,  characterised  by  aa 
abundance  of  gypsum  disseminated  in  thin  layers  and  yeins,  and  in  the 
lower  beds  of  which  occur  the  deposits  of  clays  and  of  yegetable  matter, 
fit)m  which  are  derived  the  larger  supplies  of  petroleum.  These  rodbi  are 
well  seen  at  Senan  Kyoung  (*' stream  of  foetid  water"),  and  are  traceable 
northwards  to  near  Amarapura.  In  the  beds  which  appear  to  form  the 
uppermost  part  of  this  group,  but  which  may  possibly  belong  to  anotiier 
and  distinct  series,  are  found  some  of  the  fossil  bones  of  the  larger  ani- 
Inals  which  occur  abundantly  in  this  district.  About  forty  miles  north 
of  Amarapura  we  again  meet  with  sandstones,  shales,  and  coal,  resting 
unconformably  on  the  metamorphie  rocks,  and  characterized  by  remains 
of  dicotyledonous  trees  similar  to,  if  not  identical  with,  those  found  in  the 
coal-yielding  g^up  of  the  Tenasserim  prorinces,  and  which  are  therefose 
referred  to  the  same  age  (pliocene).  This  series,  so  far  as  examined, 
proved  of  no  great  extent  or  thickness.  We  pass  now  to  the  Khasi  Hills, 
which  form  a  comparatively  isolated  range,  rising  suddenly  firom  the 
fipreat  plains  of  Bengal  in  the  south,  and  divided  in  the  north  by  the  val- 
^y  of  Assam  from  the  great  Himalaya  or  Bbotan  range.  On  the  south- 
em  face  of  this  range  rises  almost  perpendicularly  from  the  plains,  which 
are  continual  from  the  Bay  of  Bennil,  with  scarcely  a  perceptible  change 
of  level  to  the  veir  foot  of  the  hiLls,  and,  with  the  exception  of  a  com- 
paratively small  thickness  of  metamorphie  rocks  at  the  base,  are  eoaa- 
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po0od  of  neurly  horizontal  beds  of  sandstonea,  a  few  shaly  layers  and 
limestone^  long  known  for  the  abundance  and  beantj  of  the  nommulites 
it  contains.  These  beds  dip  slightly  to  the  south,  and  die  ont  towards  the 
north,  when  the  metamorphic  rodoi  come  to  the  surface  in  the  hills. 
Disregarding  here  any  details  as  to  the  older  rocks,  the  age  of  the  sand- 
stones and  limestones  is  unquestionably  fixed  by  their  organic  contents, 
and  therefore,  also,  the  epoch  of  the  coal,  which  is  associated  with  them, 
as  belonging  to  the  gpreat  eocene  period  of  geologists.  No  newer  group 
of  rocks  is  definitively  seen  in  these  hills.  Along  the  southern  nee  of 
the  range  there  is  evidence  of  a  great  dislocation  extending  for  many 
miles,  and  possibly  along  the  entire  scarp,  which  has  brou^t  down  to 
the  level  of  the  plains  Ihe  rocks  which  are  seen  at  the  top  of  the  hills. 
This  line  of  dislocation  has  in  all  probability  tended  to  give  the  nearly 
nctilinear  direction  of  the  escarpment ;  its  date  is  fixed  as  at  least  sul^ 
sequent  to  the  formation  of  all  the  eocene  rocks  here  seen.  An  older 
group  of  sandstones,  considerably  altered,  is  seen  further  to  the  norths 
within  the  hills,  and  also  a  series  of  highly  metamorphosed  schists  and 
grits  resting  upon  the  gneissio  and  granitic  rocks ;  but  the  details  of 
these  are  reserved.  Passing  thence  still  further  to  the  north  and  east, 
at  the  base  of  the  Sikkim  Himalayas,  under  the  hill  station  of  Darjiling, 
another  section  was  described.  The  great  mass  of  the  lofty  hills  is  here 
composed  of  schistoze  rocks  of  various  characters,  considerably  disturbed 
and  contorted.  These,  although  hitherto  colonized  similarly,  and  consi- 
dered as  of  the  same  age,  were  decidedly  different  from,  and  more  recent 
than,  the  gneissoze  rocks  of  the  sreatest  portion  of  India.  Near  the  base 
of  the  hills,  and  faulted  against  Ihese  rocxs  at  high  angles,  there  is  a  small 
extent  of  sandstone  and  black  shales,  which  contain  vertebrata,  pecopte- 
ris,  &c.,  similar  to  those  occurring  in  the  great  coal-fields  of  BeiunL 
These  fossils  are  peculiarly  interesting,  from  the  fact  of  their  bemg 
changed  into  graphite,  and  occurring  in  beds  which  themselves  have  a 
yery  strongly  marked  graphitic  character.  They  are  of  yery  limited  ex- 
tent ;  the  greater  portion  of  the  sandstones,  which  in  this  section  exhibit 
a  thickness  of  some  thousand  feet,  belonging  to  a  series  of  much  more  re- 
cent date,  and  which  has  been  subjected  to  a  much  smaller  amount  of 
disturbance  and  alteration.  The  exact  relation  of  these,  too,  it  has  not 
been  possible  to  observe.  This  upper  group  contains  many  large  stems, 
in  all  observed  cases  prostrate,  and  in  most  cases  giying  evidence  of  great 
wear  and  long  exposure  previously  to  being  imbedded ;  and  in  some  of 
the  finer  and  more  earthy  deposits  an  abundance  of  leaves  occur,  of  the 
same  general  character  as  those  already  noticed  as  occurring  in  Bnrmali 
and  Tenasserim.  This  group  was  thercibre  proyisionally  i^erred  to  the 
same  age  (pliocene).  No  traces  of  the  great  nummulitic  series  had  been 
observed  in  this  district.  In  the  more  central  portions  of  India  tlu:«e 
very  large  districts  had  been  examined,  to  whidi  he  would  now  refer* 
One  of  these  was  to  the  south  of  Calcutta,  in  the  district  of  Cuttack ;  the 
second  included  all  the  country  between  the  great  coal-field  of  the  Da- 
moodah,  whidi  had  previously  been  mapped  by  Mr  Williams,  and  the 
River  Ganges,  extendmg  nor&wards  to  Kajmahal  and  Bhagulpore ;  and 
the  thiid  extended  along  the  valley  of  the  Nerbudda  from  west  of  the  Ho* 
snngabsd  to  many  miles  east  of  Jubbnlpor.  For  the  details  of  the  fifti 
of  these  he  was  indebted  chiefly  to  his  able  assistants,  the  Messrs  Blaad* 
ford ;  for  the  last  to  Mr  Jos.  Medlicott,  who  had  verjr  lealou^y  worked  H 
out,  having  to  carry  on  the  fonnation  of  a  topographical  map  at  the  saase 
time.  In  aU  these  eases  the  sedimentary  rocks,  to  whidi  he  would  refer, 
formed  portions  of  a  series  once  more  widely  extended,  and  probably 
oontinuous  over  the  whole  country,  now  separated  by  denudation,  i!rom 
pemoval  by  which  they  have  been  in  great  part  protected,  by  being 
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fiinlted  into  and  a^inst  the  highly  metamorphoie  gneiM,  dm.,  which 
round  them«    The  Talcheer  field  extends  ror  about  70  miles  from  east 
to  west,  with  an  ayerage  breadth  of  15  to  20  miles,  and  is  bounded  both 
on  the  north  and  south  by  great  parallel  faults,  the  former  of  which  hma 
an  aggregate  throw  of  upwards  of  2000  feet ;  these  faults  are  not  truly 
east  and  west,  but  to  the  south  of  east  and  north  of  west.    The  seetion 
in  aseendinff  order  of  the  basin  shows  at  the  base  sandstone  and  blue 
shale,  but  uightly  fossiliferous  in  thickness  from  500  to  600  feet ;  over 
these  is  a  series  of  shales  and  sandstones  often  micaoeous,  occasional  beds 
of  ironstone,  and  thin  layers  of  coal  and  ooally  shale,  giving  a  total  thick- 
ness of  about  1800  feet ;  and  over  these  again  is  a  distinct  series  of 
quartzose  grits,  conglomerates,  and  sandstones,  in  thickness  fiom  1600  to 
2000  feet.    These  three  groups  are  unconformable  each  to  the  other ; 
the  unconformity  between  the  two  lower  being,  however,  much  lees 
marked  than  that  between  the  two  upper.    To  the  lower  group,  as 
having  been  first  recognised  and  described  in  this  district,  the  name  of 
**  Talcheer"  series  has  been  given  ;  the  second  group,  which,  from  its  im- 
bedded  vegetable  remains,  was  proved  to  be  identical  with  the  rocks  of 
the  extensive  Damoodah  coal-field  when  these  were  first  described,  has 
been  denoted  the  '*  Damoodah"  series ;  while  the  upper  group,  supposed  to 
represent  the  great  series  of  rocks,  so  magnificently  seen  in  tiie  Mahadeva 
Hills  of  Cenl^  India,  has  been  called  the  **  Mahadera"  series.     Thus 
these  series  can  be  reooniised  in  each  of  the  extensive  fields  referred  to, 
although  with  varying  developments  and  thicknesses.    At  the  base  of  the 
Talcheer  series  there  is  a  remarkable  bed,  consisting  of  very  large  and 
only  slightly  rounded  masses  of  granite  and  gneiss,  imbedded  in  a  fine 
silt,  and  occurring  under  such  conditions  as  induce  the  opinion  that  tiio 
action  of  ground  ice  has  been  the  cause  of  its  formation.    In  the  Raj- 
mahal  district  there  is  a  veiy  limited  development  of  the  lower  beds, 
above  which  unconformably  comes  the  Damoooah  series,  here  exhibiting 
a  greater  extension  upward  than  in  Outtack ;  but  unfortunately  the  se- 
quence of  the  rocks  is  interrupted  by  the  intercalation  of  several  sueoes- 
sive  floes  of  basaltic  trap,  the  intervals  between  which  have  been  marked 
by  the  continued  and  tranquil  deposition  of  the  mechanical  rocks  going 
on.    These  floes  have  been  repeated  six  or  seven  times,  and  the  pheno* 
mena  of  contact  are  in  all  cases  marked ;  the  upper  layers  of  the  mecha-> 
nical  deposits  in  contact  with  the  trap  being  in  all  cases  greatly  altered, 
while  the  lower  layers  are  in  no  cases  chan^d,  but  rest  unalterisd  on  the 
d^raded  surface  of  the  underlying  trap.    But  while  the  actual  physical 
sequence  of  the  deposits  cannot  be  here  traced,  the  fact  of  their  all  be- 
longing to  the  same  great  series  is  attested  by  the  occurrence  of  some 
identical  fossils  throughout.    A  few  species  pass  upwards  through  the 
series,  but  there  is  a  very  marked  change  in  the  general  fades  of  the 
flora  in  the  upper  as  compared  with  the  lower  portion  of  the  grou^  ; 
the  latter   characterized  by  the   abundance  of  vertebrata,  peooptens, 
trizzgia,  &c.,  the  former  by  the  abundance  of  zamia-like  pluits.    The 
series,  therefore,  has  been  divided  into  Upper  and  Lower  Damoodah 
rocks.   For  the  details  of  the  structure  of  the  district,  reference  was  made 
to  the  maps.    In  the  Nerbudda  district  the  series  was  less  interrupted, 
and  there  also  the  same  general  results  were  obtained.    The  southern 
boundary  of  this  great  field  was  for  a  large  part  of  its  course  produced 
by  a  great  fault,  having,  quam  proxime^  the  same  general  dirootion  as 
that  of  the  faults  bounding  the  Talcheer  field.     The  age,  geologically 
considered,  of  these  Damoodah  rocks  was  briefly  referred  to.    A  large 
series  of  drawings  of  the  fossil  plants  firom  them  were  exhibited,  and  the 
fitust  of  the  geneiuL  oolitic  facies  of  this  group,  especially  of  those  firom  the 
upper  beds,  pointed  out    The  difilculty  of  the  question  was  alluded  to, 
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eapeciallj  in  connection  with  the  dificoTory,  on  the  one  side,  of  seTeral  spQ-. 
cies  identical  with  those  found  in  these  Indian  rocks  in  the  Australian 
ooal-fiehis,  associated  with  numerous  animal  remains  distinctly  referable 
to  the  lower  carboniferous  era,  and,  on  the  other  hand,  to  the  discoyery 
in  Gutch  of  other  species,  also  identical  with  some  of  these  Indian  forms, 
in  bedf  associated  with  animal  remains,  undoubtedly  referable  to  the 
oolitic  epoch.  It  must,  however,  be  borne  in  mind  that  the  latter  forms, 
or  those  which  the  evidence  of  associated  animal  remains  would  show  to 
be  oolitic,  are  only  found  in  the  upper  beds  of  the  Damoodah  series, 
while  those  which  are  common  to  the  Australian  fields  are  those  chiefly 
found  in  the  lower  beds.  Unfortunately,  no  animal  remains  whatever 
have  been  found  with  these  plants  in  the  districts  examined,  excepting 
some  annelide  tracts  useless  as  distinctive  forms.  He  preferred,  under 
these  circumstances,  waiting  for  further  evidence  before  giving  any  de- 
finite opinion  as  to  the  age  of  this  widely -extended  and  important  group 
of  rocks.  Mr  Oldham  then  stated  that  there  seemed  good  reason  for  se- 
parating altogether  from  the  several  groups  of  rocks  to  which  he  had  re- 
ferred the  whole  of  the  great  thickness  of  sandstones  which  formed  the 
great  Yindhyan  range,  extending  almost  entirely  across  India,  from  the 
mouths  of  the  Nerbudda  to  the  Ganges  at  Monghyr.  These  appeared  to 
be  of  prior  date,  and  there  was  a  probability  that  there  was  a  great  line, 
or  a  group  of  lines,  of  dislocation  passing  alon^  the  general  line  of  the 
valley  of  the  Nerbudda,  and  the  enects  of  which  might  be  traced  over  a 
very  large  area,  extending  towards  the  north-east,  possibly  even  into  the 
VaUey  of  Assam.  Besides  the  examination  of  these  districts,  which  to- 
gether included  an  area  of  more  than  30,000  square  miles,  the  geological 
survey  had  been  able  to  add  to  the  knowledge  of  the  structure  of  the 
coun^  in  other  ways.  An  excellent  selection  of  fossils  from  the  neigh- 
bourhood of  Yerdchellum  in  Madras,  for  which  they  were  indebted  to 
Brooke  Cunlifie,  Esq.,  who  had  been  associated  with  the  Rev.  Mr  Cay  in 
the  first  examination  of  these  fossils,  had  enabled  them  to  add  largely  to 
the  lists  of  Forbes,  and  to  establish  more  conclusively  than  before  the 
cretaceous  age  of  these  deposits.  The  exertions  of  Captain  Keatinge 
at  Mundlaiser,  to  whom  Mr  Oldham  had  pointed  out  the  interest  of 
the  inquiry,  had  collected  a  good  set  of  organic  remains  from  the  lime- 
stone at  Bang,  to  the  west  of  Mhow,  which  had  enabled  him  to  fix  the  age 
of  those  deposits  as  contemporary,  or  nearly  so,  with  the  cretaceous  beds 
of  Trichinopoly  and  Yerdachellum.  This  discovery  gives  rise  to  many 
important  speculations  as  to  the  age  of  other  beds,  and  abo  as  to  the 
epoch  of  the  elevation  of  all  Central  India,  but  more  data  were  required 
before  these  could  fairly  be  entered  upon. 

Mr  W.  H.  Bailt,  on  the  Carboniferous  Limestone  Fossils  from  the 
County  Limerick.  The  fossils  described  by  the  author  were  collected  by 
the  Greological  Survey ;  there  are  several  new  forms  among  them,  and 
they  are  all  well  preserved.  Zoophytes. — Of  this  class  of  organic  beings, 
usually  so  common  in  carboniferous  rocks,  there  are  only  a  few  speci- 
mens, chiefly  belonging  to  the  division  Zoantharia  tahalata  of  Milne 
Edwards,  amonest  which  are  the  genera  Michelenea  and  Choetetes  ;  also 
the  common  and  characteristic  coral,  Amplexus  coralloides,  Echinoder- 
mata.*— These  are  chiefly  Melocrinldse,  consisting  mainly  of  detached 
bodies  of  Platycrinus  and  Actinocrinus,  almost  exclusively  confined  to 
this  formation.  Bryozoa. — Several  forms,  chiefly  Reteporida^,  amongst 
which  are  fine  specimens  of  the  well-known  Fenestella  memhranacea  of 
Professor  Phillips.  Brachiopoda-terebratulidcSf  only  one  species;  T. 
Hastala,  of  which  there  are  fine  specimens.  Spiriferidss. — Several  cha^ 
racteristic  forms,  including  £fjp.  Eoemerianus  (de  Koninck),  a  form  new 
to  Britain ;  and  Athyris  roissti,  a  singular  and  rar^  species,  in  which  the 
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ofgrowth  are  dereloped  into  ezpansions,  giTing  it  a  fringed  appear- 
Mioe.  RhjnoonelidflB.— Toe  common  forms  R.  pti^nus  and  R.plewidifn. 
Orthidn. — The  well-known  0.  re$tipinata  and  the  rerj  rare  O.  radialif. 
ProdnetidflB.— ^Several  characteriBtio  and  raie  species,  indnding  P.  acvUa- 
tu8  and  a  new  species.  Chonetes.*— Several  rare  yarieties,  as  C  Koninehiy 
new  to  Britain  ;  C.  variolata  (D'Arbignj) ;  €.  papillicnacea.  Con- 
ohifera. — Several  new  forms,  indnding  species  of  the  genera  Avicolopecten 
and  Pteronites  (M'Coy),  shells  having  an  oblique  axis  like  the  so-called 
peetens  of  the  coal  measores.  Of  the  singolsr  shell  €onoc<irdium  HS)€r» 
nicum  (Pleurorhgjnehas  of  Professor  Phillips),  there  are  aoTeral  good 
specimens,  showing  the  extended  keel  and  siphuncle  in  some  species  etiU 
more  extended,  being  analofi;ous  (as  suggested  by  Mr  Woodward)  to  those 
of  cockles  inhabiting  salt  inland  seas,  as  LiJce  Aral  and  the  Caspian.  A 
seoond  species,  C  Koninckii,  of  which  several  very  perfect  specimeiu 
were  foond,  contains  even  a  larger  size  than  C  Hibemicum.  Professor 
De  Koninck  agreed  with  the  author  in  considering  it  an  nndeseribed  form. 
He  proposes  to  call  it  after  that  distingnished  pa^ntolo^t.  There  sre 
aoTeral  species  of  Cardiomorpha,  one  of  whidi,  C.  Koninckii^  is  new  to 
Britain,  and  another,  a  new  species  of  large  dimensions.  Oaateropoda.— 
Many  genera  and  species,  including  a  new  species  of  Maorodieiias  and 
other  undescribed  forms.  Of  the  Nudeobranchiata,  supposed  to  be  allied 
to  existing  floating  sheUs,  several  spedes  of  Bellerophon,  together  with 
Porcellia  puzio,  a  very  rare  diaooidal  form.  Cephalopoda. — ^This,  the 
most  important  order  of  the  moUusca,  is  represented  by  large  and  rare 
•pecimens,  all  belonging  to  the  order  Tetrabranchiata.  NantSidsD. — ^Fine 
specimens ;  some  new.  OrthoceratidsB. — 0.  muensterianum,  and  fine  ex- 
amples of  0.  dactylophorumy  with  the  peculiar  forms  of  Oomphoceroi 
(Poterioceras)  fusiforvM  and  Ptychocercts  vemeutllatum.  Groniatites. — 
Several  species,  including  O,  crenistria  and  fasciculatus,  some  showing 
external  markings,  and  others  being  new  forms. 

Mr  W.  H.  Bailt  also  read  a  paper  on  a  New  Fossil  Fern^  from  tJu 
Coal  Measures  near  Olitij  Comity  Limerick,  This  fern  was  discovered 
by  Mr  G.  H.  Kinahan  in  the  black  shale  above  the  coal  in  the  townland 
of  Ballygilteman  Lower,  County  Limerick,  together  with  ordinary  coal 
plants.  It  appears  to  be  the  central  portion  of  a  frond,  with  about  20 
alternate  pinnules,  which  are  apparently  covered  by  thecss  or  cases  of  the 
reproductive  germs,  presenting  an  appearance  somewhat  resembling  rows 
of  small  flowers.  This  plant  is  unlike  any  present  or  fossil  fern,  and  has 
organs  of  fructification — an  occurrence  rare  among  carboniferous  ferns. 
It  IS  exceedingly  interesting,  and  may  possibly  be  a  new  generic  form. 

Dr  Gladstone  read  Mr  0.  F.  Habershon's  Account  of  the  Barbary 
Coasts  with  Fossils, 

• 

Mr  J.  Birmingham  read  an  abstract  of  a  paper  on  the  Drift  of  West 
Oaltcay  and  the  Eastern  parts  of  Mayo.  The  author  set  out  by  sllnding 
to  the  interest  and  importance  of  the  Irish  drifts  in  general,  which  are 
well  developed  in  the  district  to  which  his  paper  refers.  They  difl*er 
from  the  drifts  of  other  countries  by  containing  no  fbssiliferous  evidence 
of  their  comparative  date  ;  and  to  account  for  the  absence  of  shells  or  any 
traces  of  boring  molluscs  in  their  materials,  the  author  suggests  that  the 
remains  of  those  great  drifts,  which  are  now  exposed,  probably  never 
formed  the  surface  of  the  former  sea-bottom.  He  divides  the  drift  of  his 
district  into  three  prindpal  divisions,  namely: — I.  The  Clay  Drift,  from 
the  south-west,  forming  cliffs  on  the  north,  east,  and  south  shores  of  Gal- 
way  Bay  ;  2.  The  Great  Boulder  Drift,  from  the  north-west,  overlying 
the  former  ;  3.  The  Escar  Drift,  forming  the  chains  of  grayd  hills  in  the 
interior  of  the  country,  and  derived,  like  the  day  drift,  £rom  the  south- 
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watt  The  direotion  and  sequence  of  those  drifts  is  inftned  irotn  their 
mineralogical  characters  and  relative  position.  The  perfect  round  forms 
of  the  Escar  Hills,  and  the  complete  curves  their  beds  or  layers  exhibit  in 
any  stratified  section,  not  only  prove  their  subsequency  to  the  other  drifts^ 
but  furnish  a  strong  argument  against  the  glacial  hvpothesis ;  for,  if  ice- 
bergs had  been  floating  about  and  grooving  the  rocx-bottom  of  the  shal- 
lowing sea,  the  Escars  would  scarcely  have  escaped  their  action,  which 
would  be  recognised  in  the  tabulation  of  their  summits  or  other  signifi- 
cant appearances.  The  long  ranges  of  those  gravel  hills  he  believes  to 
be  the  effect  of  eddies,  as  the  land  approached  the  surface  ;  and  their  lines 
may  often  show  the  resultants  of  currents  subdivided  from  the  mala 
stream  beyond  the  limits  of  opposing  hills.  He  maintains  that  it  is  to 
tiie  power  of  moving  water,  and  not  either  to  glaciers  or  floating  iceberg 
that  the  phenomena  of  the  drift  of  this  district  are  to  be  ascribed.  No- 
thing can  be  more  marked  than  the  regular  increase  in  number,  as  well  as 
in  size  and  angularity,  of  the  erratic  blocks  as  they  are  followed  towards 
their  source.  Their  decrease  in  numbers,  according  to  their  remoteness 
from  their  parent  rocks  might  indeed  be  account^  for  by  the  glacial 
hypothesisi  but  not  so  simply  their  diminished  sice ;  for  though  the  ice- 
nft  may  waste  away  bv  degrees,  and  its  powers  of  buoyancy  Income  less, 
•till  this  must  be  thought  to  affect  the  total  quantity  rather  than  the  indi- 
vidual parts  of  the  load  that  it  bears.  As  its  cliffs  succumb  in  its  progress 
through  the  warm  sea  waves,  its  burden  may  gradually  be  reduced ;  but 
there  is  no  reason  why  the  largest  masses  should  not  be  found  among  the 
mixed  materials  which  are  carried  on  its  contracting  area.  The  striation 
of  the  surface  rocks,  which  the  author  observed  in  some  parts  of  his  dis- 
trict, he  considers  to  have  been  effected  hj  the  pushing  forward  before 
the  breakers  of  large  flat  masses  of  the  stratified  rocks  of  these  localities, 
and  referred  to  the  early  notice  of  this  subject  by  our  eminent  Irish  geolo- 
gist, Mr  Griffith. 

FasDBBicK  J.  Foot,  Esq.,  read  a  paper  describing  a  Section  Jram 
Bird  Island,  at  the  mouth  of  the  Shannon,  to  the  village  of  Gastletnaine^ 
in  the  County  Kerry »  In  this  paper  Mr  Foot  described  the  rocks  from 
the  coal  measure  shale  to  the  upper  conglomerate  of  the  old  red  sandstone. 
He  mentioned  that  the  drift  was  generally  from  the  north,  and  that  granite 
boulders  (some  of  them  of  large  size)  were  frequent  in  it.  The  principal 
points  of  interest  were  the  conibrmability  of  all  the  rocks  described,  and 
the  variableness  of  the  conglomerate  bed,  both  in  thickness  and  character. 
He  also  exhibited  some  stems  of  plants  from  the  yellow  sandstone,  or 
upper  subdivision  of  the  old  red  sandstone. 

Professor  Hakkness,  after  referring  to  the  great  services  rendered  by 
Professor  Sedgwick  to  the  geology  of  Cumberland,  read  a  paper  on  the 
Geology  of  Caldbeckfells  (md  the  Lower  Sedimentary  Rocks  of  Cumber- 
land, Tae  district  alluded  to  in  this  communication  forms  the  northern 
portion  of  the  mountainous  area  of  the  lake  district  of  Cumberland.  Cald- 
beckfells, including  their  eastern  extremity  Carrickfell,  consist  of  masses 
of  a  pltttonic  and  an  igneous  nature.  On  the  southern  slopes  of  these 
hills  there  is  seen  Skiddaw  slate,  which  generally  has  a  south  dip,  and  this 
Skiddaw  slate,  as  it  approximates  the  granite  of  Skiddaw'  Forest,  passes 
into  chiastolite  slate,  chiastolite  rock,  and  a  pseudo-gneiss.  On  the  south 
side  of  the  granite  area  the  same  phenomena  occur ;  but  on  this  side  horn- 
blende rock  and  actinolite  rock  also  appear.  In  the  metamorphic  rocks,  and- 
likewise  in  the  ordinary  Skiddaw  slates,  which  succeed  them  in  position, 
the  strike  of  the  strata  is  nearly  east  and  west,  and  the  general  arrange- 
ment of  the  strata  seems  rather  to  indicate  that  the  plutonic  masses  of 
Caldbeckfells  form  the  axis  of  the  group  rather  than  the  granite  of  Skid- 
daw Forest.     With  respect  to  the  unaltered  rocks  of  the  Skiddaw  dis- 
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trict,  tliese  hare  been  xeferred  by  ProfeMor  Sedgwick  to  three  g^o^P^ 
black  Skiddaw  slate  grits,  seen  in  the  masses  of  Grassmere,  and  gnj  ool* 
daw  slate,  containing  fossils  described  in  the  palaozoic  fossils  of  the  Wood- 
woTdian  Museum.  The  upper  gray  slates  are  the  deposits  whidi  hare 
hitherto  afforded  organic  remains.  Last  year  the  author  obtained  tn3i 
of  worms  irom  the  black  Skiddaw  slate,  the  lowest  number  of  the  unaltered 
series,  at  Bralkeld ;  and  from  a  communication  which  the  author  had  xe- 
ceired  recently  firom  Professor  Sedgwick,  it  would  appear  that  in  these 
low  strata  graptolites  hare  been  lately  obtained  by  Mr  J.  Rnthves. 
With  regard  to  the  lithological  nature  of  these  Skiddaw  rocks,  it  would 
seem  that  there  is  a  considerable  change  according  to  locality.  West* 
ward  gray  slates,  with  intercalated  grits,  obtain  on  the  line  of  the  strils 
of  the  black  Skiddaw  slates,  leading  to  the  inference  that  coarser  beds  sup- 
ply the  place  of  the  finer  black  slates  on  the  eastern  margin  of  the  area. 

The  Key.  W.  S.  Stmonds  read  a  paper  on  a  Fossil  of  the  Severn  Drift. 
The  ezcayation  of  the  alluyial  drift  of  the  Seyem  at  Tewksbury  Horn  is 
nearly  forty  feet  deep,  and  the  river-bed  itself  has  been  dredged  to  tiie 
depth  of  seven  feet.  The  river-bed  contains  relies  of  the  human  race 
several  feet  below  the  present  grayel.  These  are  associated  with  there- 
mains  of  Roman  pottery,  the  vertebne  of  a  whale,  and  many  irregolar 
round-shaped  glass  bottles  of  great  thickness.  The  alluyial  drift  is  a 
mass  of  clay  and  brick  earth,  39  feet  thick,  resting  upon  an  ancient  river- 
bed of  gravel  and  shingle.  About  37^  feet  from  the  surface  we  find  the 
fossilized  antler  of  a  large  sta^  (Gervus),  which  the  author  imagines  may 
have  been  of  the  Irish  eUc.  This  antler  is  at  the  base  of  the  brick  earth 
a  few  feet  above  the  gravel.  It  is  interesting  to  observe  the  dilTerence  in 
the  state  of  fossilization  between  the  yertebne  of  the  whale,  which  is  little 
altered,  and  the  antler  of  the  deer,  which  has  been  nearly  entirely  oon* 
yerted  into  stone.  The  antler  is  in  much  the  same  state  as  the  mamma- 
lian  remains  found  by  Mr  Strickland  in  the  drifts  of  the  Avon  Valkj ; 
while  the  yertebrse  of  the  whale  may  be  compared  with  the  large  erookol- 
homed  head  of  a  bison  obtained  by  Mr  Strickland  sen.  from  the  Avon 
river-bed.  From  comparison  of  the  fossils,  the  author  is  inclined  to  he- 
lie  ve  that  the  ceryus  antler  of  the  Seyem  is  the  relic  of  ~  an  animal  &ai 
lived  in  the  period  of  the  Bo8  primigeniua  (a  fine  skull  of  which  is  in  Hr 
Strickland^s  possession) ;  whether  it  belonged  to  the  Magctceros  Hibemkm 
or  not  remains  to  be  proved. 

Akthur  B.  Wymkb,  Esq.,  read  a  paper  on  ike  Tertiary  Clay  ancl 
Lignite  of  Ballymacadam^^  in  the  County  of  Tipperary.  fa  this  paper 
the  author  called  attention  to  an  extremely  interesting  and  yery  isoli^ 
deposit  of  white  clay  and  lignite,  supposed  to  be  of  tertiary  affe,  found 
about  a  mile  to  the  east  of  Caher,  in  the  county  of  Tipperary.  He  stated 
that  the  day  occurred  in  a  small  hollow  in  the  carboniferous  limestone, 
though  not  at  the  lowest  point.  It  was  not  discoloured  by  bumioff ,  and 
was  capable  of  being  manufactured  into  pipes  and  many  articles  of  finer 
ware.  A  singular  circumstance  is  the  occurrence  at  this  place  of  some  of 
those  natural  drains  so  common  in  the  carboniferous  limestone  of  Ireland, 
called  by  the  peasantry  "swallow-holes.'*  The  place  where  the  day 
was  found  had  a  strong  odour  of  sulphuretted  hydrogen  gas.  It  is,  he 
observed  on  the  authority  of  Dr  Grifiith,  similar  to  the  lai^  and  distant 
deposits  of  Tyrone,  Armagh,  and  Roscommon,  in  Ireland,  and  Devon- 
shire in  England. 

Sbction  D.~Z00L0GY  AND  BOTANY,  INCLUDING  PHYSIOLOGY. 

Dr  Daubekt  read  a  Final  R^^ort  on  the  Vitality  ofSeede.    He  stated 
that  about  sixteen  years  since  Mr  Strickland  and  otners  and  himself  sug- 
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gested  the  adyisability  of  izutitating  experiments  for  the  purpose  of  as- 
oertaming,  by  waj  of  exj^rimenty  as  far  as  possible,  the  terms  to  which 
different  seeds  would  retain  their  yitality.  Thej  were  all  well  aware  of 
the  statements  as  to  the  germination  of  mummy  seeds,  and  it  was  with  the 
Tiew  of  determining  the  various  questions  which  arose  that  a  committee 
was  formed  in  1840  to  make  experiments,  which  were  made  in  the  follow- 
ing manner :-— A  considerable  number  of  seeds  of  as  manj  kinds  as  could 
be  procured  were  placed  in  porous  stone  jars,  covered  so  as  to  exclude  in* 
sects  and  rapid  circulation  of  air,  and  so  as  to  secure  a  slow  circulation* 
The  experiment  had  been  carried  on  for  seventeen  years,  and  each  year 
a  report  was  given,  stating  the  number  of  seeds  which  had  germinated, 
whidi  were  resown  until  their  vitality  ceased.  As  the  seeds  which  had 
originally  been  procured  had,  with  the  exception  of  four,  lost  vitality,  the 
inquiries  were  considered  to  have  come  to  a  close,  and  the  final  report 
was  brought  forward.  He  submitted  a  paper  to  the  meeting  containing  a 
general  summary  of  the  experiments  mm  1841  to  1857,  and  a  tabular 
statement,  showing  the  relative  vitality  of  dijSerent  kinds  of  seeds,  from 
which  it  would  be  seen  that  the  greater  number  of  seeds  lost  their  vitality 
at  eight  years,  and  that  forty -three  years  was  the  longest  j»eriod  to  which 
they  retained  it.  The  experiments  made  by  the  Association  did  not  con- 
firm the  common  belief  regarding  the  indefinite  vitality  of  certain  seeds, 
for  instance,  the  mummy  seed.  If  any  naturalist  would  suggest  a  better 
mode  of  preserving  the  plants,  it  would  be  well  to  institute  a  new  set  of 
experiments ;  but  as  far  as  was  at  present  known,  the  plan  that  was 
adopted  was  the  most  likely  to  preserve  their  vitality. 

Dr  Lankester  observed  that  the  Report  was  very  valuable,  but  that  the 
result  was  not  in  accordance  with  what  vegetable  physiologists  would  ex« 
pect.  The  question,  however^  was,  whether  the  Report  setUed  the  mooted 
point  of  the  duration  of  vitidity  in  seeds.  As  to  the  mummy  seeds,  too 
much  care  could  not  be  taken  in  relating  such  cases.  It  was  not  sufiicient 
to  get  a  parcel  of  seeds  from  a  mummy  and  put  them  in  the  ground ;  the 
mummy  should  be  got  out  of  the  tomb,  because  no  one  coidd  say  what 
might  not  occur  during  the  transfer  of  the  mummy-case ;  so  that  unless 
some  person  quite  capable  of  making  the  experiment  should  unroltiie 
mummy  with  bis  own  hands,  plant  the  seeds,  and  keep  them  constantly, 
under  his  own  supervision,  the  experiment  should  not  be  considered  satis- 
factory. 

Dr  Steele,  in  confirmation  of  Dr  Daubeny's  observation,  said,  that  in 
the  course  of  last  year  Mr  John  Ball  sent  through  his  brother  to  him  (Dr 
Steele^  a  packet  of  wheat  which  had  been  taken  out  of  a  mummy-case.  He 
sent  tne  wheat,  which  was  in  a  vase  in  the  case,  to  Mr  Moore,  the  curator 
of  the  Royal  Dublin  Society's  Gardens  at  Glasnevin,  who  had  tried  them 
with  all  the  knowledge  and  skill  which  he  possessed,  but  not  one  of  them 
vegetated. 

Dr  Daubeny  observed  that  he  should  have  mentioned  that  they  had 
tried  seeds  taken  from  mummies,  and  in  no  instance  did  they  vegetate. 

Mr  Moore  stated  that  he  had  triad  those  seeds  mentioned  by  Dr  Steele 
with  the  greatest  care  in  the  garden  stove-house  and  in  the  open  ground. 
He  also  experimented  on  them  by  placing  them  in  boiling  water,  by 
which  means  he  had  raised  very  old  seed,  but  he  failed  altogether  in  rais- 
ing them.  He  had  no  doubt  but  that  many  persons  present  were  aware 
that  seeds  could  be  raised  of  a  greater  age  than  that  stated  in  Dr  Dau- 
beny's report,  and  he  had  no  doubt  but  that  he  would  be  able  to  raise  plants 
for  forty  years  hence. 

Li  reply  to  a  question  from  Dr  Lankester, 

Dr  Steele  said  that  the  seeds  were  sealed  in  his  presence  by  Mr  Thomas 
Ball.    He  (Dr  Steele)  transmitted  them  to  Mr  Moore.    They  were  from 
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the  mummy  of  Thebes,  he  thought,  and  had  a  fragment  of  tiie  pottaiyof 
the  raalts  attached. 

Mr  Moore  related  a  eireumstanoe,  that  during  the  storm  of  1889,  a  tree^ 
100  years  old,  was  blown  down,  and  in  the  oentre  of  the  tmnk  was  foeod 
a  qnantitj  of  seeds,  which  were  set,  and  haying  regetaied,  tamed  oat  to  be 
the  common  laburnum. 

The  Rer.  Mr  Higgins  stated  that  seeds  which  had  been  giren  to  hin 
aa  baring  been  taken  from  a  mommy  did  germinate,  bnt  he  should  eoih 
fess  that  the  circumstances  under  which  he  receiyed  them  did  not  gire  him 
confidence.  They  were  giyen  to  him  with  the  intimation  that  the^r  were 
found  wrapped  up  in  a  mummy -cloth,  with  a  quantity  of  bitumen  aboat 
it.  He  asked  if  any  experiments  had  been  made  of  seeds  imdosed  in  her 
metically  sealed  cases  ? 

Dr  Daubeny  replied  that  it  had  been  tried,  and  that  the  condDska 
had  not  been  favourable. 

Professor  Archer  obserred  that  it  was  belieyed  tiiat  some  seeds,  mdoos 
for  instance,  were  better  for  being  kept  for  a  long  time,  and  that  garden- 
ers actually  kept  melon  seeds  in  their  pockets  for  a  oonaiderable  tine  to 
improye  them. 

Mr  Moore  said  that  such  was  the  case,  although  he  could  not  acooont  for 
ii  He  mentioned  that  a  friend  in  India,  being  unable  to  procure  some 
of  the  beautiful  plant  berberis  which  he  promised  him,  sent  him  a  pot  of 
jam  made  of  it  by  the  natiyes,  and  that  he  sowed  the  jam,  and  not  one  seed 
missed,  and  a  new  and  beautiful  plant  was  by  that  means  introduced  into 
the  country. 

Mr  Ogilby  remarked  that  the  great  question  was,  how  were  the  eeedi 
to  be  preserved  before  the  experiment  was  made  ? 

MrVevin,  in  reference  to  the  yitality  of  melons,  stated  tiiatheoii<» 
raised  a  crop  of  that  fruit,  and  from  the  seeds  a  second  set  of  seeds  was 
sown,  frt)m  which  there  was  an  abundant  crop,  if  not  a  more  abundant 
one,  than  from  the  seeds  which  produced  the  first  crop. 

The  President  remarked  that  it  was  with  the  idea  of  ripening  them  tlist 
melon  seeds  were  retained  in  the  pocket  for  a  time,  and  it  was  probable 
that  they  became  more  fruitful  after  haying  been  kept  over  for  some  time, 
for  the  same  reason  that  plants  were  more  likely  to  come  to  frill  fiower 
after  a  lengthened  season  of  rest. 

Mr  Emerson  referred  to  the  fact,  that  if  a  forest  of  pine  trees  was  eat 
down  in  New  England,  a  forest  of  oak  trees  was  sure  to  spring  up  in  its 
place.  He  was  inclined  to  think  that  aooms  were  carried  great  distances 
by  several  species  of  squirrels,  who,  having  eaten  all  except  the  germi- 
nating part,  in  some  manner  left  it  after  them  ;  and  then,  when  the  old 
pine  forest  was  cut  down,  and  the  influence  of  the  sun  let  in,  the  seeds  of 
the  oak  thus  deposited  germinated.  In  reference  to  the  influence  of  best 
on  seeds,  he  said  that  wherever  the  process  of  burning  down  the  branches 
of  trees  took  place,  a  small  species  of  wild  cherry  was  sure  to  spring  up 
in  the  vicinity  in  great  numbers,  though  forty  miles  from  any  cherry 
tree  ;  but  if  the  ground  was  not  burned  over,  and  if  the  stumps  were 
allowed  to  rot  and  be  broken  up  by  the  plough,  the  same  number  of 
plants  would  spring  up,  but  of  a  diflerent  species. 

Professor  George  Wilson  read  a  paper  on  the  Employment  of  (hi 
Litdng  Electric  Fishes  as  Medical  Shock  Machines,  of  which  the  follow- 
ing is  an  abstract : — The  author,  in  prosecuting  inquiries  into  the  earlj 
history  of  electrical  machines,  did  not  originally  contemplate  going 
farther  back  than  the  seventeenth  century,  or  commencing  with  anj 
earlier  instrument  than  that  of  Otto  Guerick.  His  attention  had  been 
turned  to  the  living  torpedo  as  a  remedial  agent,  and  he  now  felt  satisfied 
that  living  electrical  fish  were  the  most  familiar  and  earliest  electrical 
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inBtnimenta  employed  bj  mankind.  He  addooed  the  teetimonj  of  Qalea 
and  others  in  proof  of  the  practice,  and  as  proTing  that  ^'  shocks"  had 
been  used  as  a  remedy  in  paralytic  and  neuralgic  affections  before  the 
Christian  era.  Still  higher  antiquity  had  been  claimed  for  the  electric 
Silums,  on  the  supposition  that  its  Arabic  name,  '^  Raad,"  signified 
"  Thunder  Fish/'  and  implied  the  nature  of  the  shock ;  but  the  best 
Arabic  scholars  had  shown  that  this  was  not  the  case.  In  proof  of  the 
generality  of  the  practice  of  employing  zoo-electrical  machines,  he 
alluded  to  the  remedial  application  of  the  torpedo  by  the  Abyssinians— « 
of  the  gymnotus  by  the  8outh  American  Indians,  and  the  recently  dis- 
covered electrical  fish  by  the  dwellers  on  the  Old  Calabar  River,  which 
falls  into  the  Bight  of  Benin.  The  native  women,  he  said,  had  a  habit 
of  keeping  one  or  more  of  those  fishes  in  water,  and  of  bathing  their 
children  therein,  with  the  view  of  strengthening  them  by  the  shocks 
which  they  received,  which  were  very  powerful.  Having  observed  on 
the  proofs  of  the  antiquity  as  well  as  generality  of  the  practice  under 
notice,  he  concluded  by  directing  the  attention  of  naturalists  to  the  pro- 
bability of  additional  kinds  of  electrical  fishes  being  discovered,  and  to  the 
importance  of  obtaining  the  views  of  the  natives  familiar  with  them  in 
reference  to  the  sources  of  their  power,  and  to  their  therapeutic  employ* 
ment. 

Mr  Htmdmam  then  read  a  ProvisioTtal  Report  of  the  Belfast  Dredging 
Committee,  including  a  list  of  Foraminifera,  by  Professor  Williamson ;  and 
of  shells  found  in  shell  sand,  by  Mr  Waller  and  Mr  Hyndman. 

Mr  Patterson  read  a  Beport  by  Professor  Dickie,  M.D.,  on  the 
Mollusca  of  Strangford  Lough  ana  part  of  the  Irish  Channel.  The 
Report  stated  that  one  hundred  species  were  dragged,  viz.,  57  bivalves 
and  43  univalves.  The  locality  which  yielded  the  greatest  number  was 
near  the  junction  of  the  narrow  channel  (half  a  mile  broad  by  three  in 
length)  with  the  wider  part  of  the  lough,  the  proportion  being — ^bivalves, 
living,  29;  dead,  17 — 16  species:  univalves,  living,  22;  dead,  29-^1 
species.  Two  miles  farther  up,  and  five  or  six  from  the  open  sea,  the 
numbers  dragged  were— bivalves,  living,  10 ;  dead,  22 :  univtdves, 
living,  10 ;  dead,  8 — IS  species,  being  about  half  the  number  in  the 
former  locality.  In  the  wide  part  oi  the  lough,  still  farther  from  the 
sea,  the  numbers  were — bivalves,  living,  21 ;  dead,  5  :  univalves,  living, 
8;  dead,  5.  In  the  open  sea,  opposite  the  entrance  of  the  lough,  the 
drag  afforded  proof  of  very  regular  distribution  to  the  distance  of  seven 
miles  from  the  bar.  The  report  then  went  on  to  state  that  in  taking  a 
general  review  of  the  moUuscan  fauna  of  Strangford  Lough,  and  of  part 
of  the  Irish  Channel  immediately  opposite,  the  absence  of  the  Lusitanean 
and  South  BritiBh  types  was  remarked,  and  the  general  occurrence  of 
those  of  the  European  types,  with  a  large  proportion  of  those  called 
Celtic,  and  some  of  those  considered  as  more  peculiarly  British  were  also 
plentiful.  Those  of  the  Atlantic  type  were  generally  rare,  the  Arctic 
type  being  just  very  partially  represented.  The  general  conclusions 
arrived  at  were,  that  the  mollusca  secured  here  belonged  mainly  to  the 
European  and  the  Celtic  types,  with  a  moderate  proportion  belonging  to 
the  Atlantic,  and  a  very  few  Arctic  forms. 

The  Rev.  F.  O.  Morriss  then  read  a  paper  on  the  Specific  Digtinctions 
of  Uria  troile  and  Uria  lachrymans.  He  showed  that  in  the  Uria 
lachrymant  the  eye  is  larger  than  in  the  Uria  troile,  and  this  in  addition 
to  the  permanent  white  streak  from  which  the  bird  derives  its  name  in 
the  Latin,  French,  and  English  languages ;  and  the  darker  colour  of  old 
birds  he  considered  to  establish  the  species  as  distinct.  He  pointed  out 
the  Corrus  coronas  as  only  distinguishable  from  Corrus  comix  in  a  por- 


832  Proctedings  of  Societies. 

tion  of  the  plumage ;  and  though  the  birds  were  different  in  habiti,  so 
were  the  joung  and  the  old  buds  of  one  and  the  same  speciea,  Anu 
marinuSf  the  former  being  gregarious  and  the  other  not.  Cii  the  whole, 
he  concluded  that  neither,in  tiie  shape  nor  size  of  the  bill  or  feet  was  there 
an  J  but  accidental  or  temporary  difference  between  individoab  of  the 
two  species,  as  imagined  by  Macgilliyra^  and  others ;  but  the  distinc- 
tions he  had  pointed  out,  existing  as  they  did  temper  vhique  et  in  omnibus,^ 
were  permanent  specific  characteristics,  and  marked  the  indinduslitj  of 
the  species. 

Professor  Kinahan  read  a  paper,  and  exhibited  a  new  specUt  0/ 
Oalathea,  for  which  he  proposed  the  name  Oalathea  AndrewtU.  The 
species  is  remarkable  for  its  elongated  slender  fore  legs,  which  in  their 
character  approach  the  genus  Munida.  The  species  is  exoeedingij 
common  in  Dublin  Bay,  where  it  is  firequently  captured  by  the  dredges. 

Mr  Patterson  read  a  note  of  the  quantity  of  Litorina,  littonl  peri- 
winkles, shipped  at  Belfast  during  the  years  1853, 1854,  1855,  and  IS.'^. 
which  had  been  furnished  to  him  by  Eaward  Getty,  Esq.,  secretarr  totbe 
Harbour  CJommbsioners  of  that  port.  In  1853  there  were  exported 
1034  bags,  containing  181  tons,  or  3102  bushels ;  in  1854,  2626  \^^ 
or  459^  tons,  or  7878  bushels ;  in  1855, 2286  bags,  or  400  tons,  or  6-S5S 
bushels  ;  in  1856,  786  bags,  or  137  tons,  or  2358  bushels.  Such  of  these 
as  are  not  yet  in  the  Bay  of  Belfast  are  principally  collected  on  the  coasti 
of  the  county  of  Down,  but  the  banks  from  which  they  have  been  d^i^ed 
are  becoming  exhausted,  and  are  no  longer  capable  of  supplying  tiie 
demand.  The  quantity  of  periwinkles  deficient  is  now  imported  irom 
Stranraer  to  Belfast,  and  thence  reshippned  for  London.  The  local  term 
in  the  north  of  Ireland  for  the  periwinkle  is  **  whelk."  The  whell: 
(BtAccinum  undcUwn)  is  known  as  the  '^buckie."  Mr  Patterson  stated  that 
they  were  shipped  to  London,  and  that  they  were  got  on  the  banb  in 
Belfast  Lough,  and  on  the  coast  of  the  County  Down. 

Dr  WyyiUe  Thompson  stated  that  he  had  been  informed  that  from  the 
islands  of  Scotland  great  numbers  of  periwinkles  were  also  shipped  lor 
London. 

Dr  Lankester  said  it  w6uld  be  of  great  importance  that  this  section  of 
the  Association  should  take  up  the  subject,  and  draw  up  some  rules  for  the 
preservation  and  propagation  of  animal  life. 

Mr  Patterson  said  that  the.Commissioners  of  Fisheries  were  anxious  to 

§et  information  on  this  important  subject,  which  they  found  one  of  great 
ifSculty  to  deal  with.  If  they  had  any  competent  authority  on  the  l^biti 
of  fish  and  the  mode  of  their  deyelopment,  they  would  be  able  to  deter* 
mine  the  times  at  which  they  should  be  taken.  If  the  goyemment  would 
therefore  employ  an  eminent  zoologist  to  collect  and  arrange  information 
on  the  subject  it  would  be  the  way  to  promote  the  object,  and  the  assoot- 
tion  should  therefore  direct  their  attention  to  it.  The  Board  of  Trade 
were,  he  believed,  at  present  engaged  in  investigating  the  oyster  banb. 
on  which  there  was  some  dispute,  with  the  view  of  determining  the  dose 
and  open  seasons. 

Professor  Wyville  Thompson  said  that  there  were  certain  circumstance 
and  seasons  in  which  the  ova  of  animals  were  not  developed ;  and  with 
regard  to  marine  animals,  this  fact  was  not  so  well  ascertained  as  it  was 
in  reference  to  others.  It  was  well  known  that  in  certain  seascms  butteN 
flies  disappeared  from  some  localities,  and  that  the  seasons  had  a 
great  effect  on  the  production  of  all  kinds  of  animals.  The  yariationa  in 
them  should  therefore  be  attended  to,  and  their  effects  guarded  against 
by  greater  attention  being  devoted  to  the  artificial  propagation  of  fish. 
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The  President  stated  that  one  of  the  commissjoners  of  fisheries  had  ex- 
pressed to  him  his  great  anxiety  that  xoological  information  should  be 
collected  which  might  serve  as  an  anthoritatiye  guide  on  the  subject. 

Mr  J.  R.  Gbben  read  a  paper  on  British  Naked- eved  Medusa,  mth 
notices  of  six  Undescrtbed  Forms.  He  glanced  at  the  progress  which 
had  been  made  in  this  department  since  the  publication  of  Professor  E. 
Forbes's  monograph.  He  also  read  a  list  of  all  the  Acalephss  hitherto 
observed  by  him  in  Dublin  Bay,  in  all  amounting  to  24  species.  He  then 
entered  into  a  description  of  his  six  new  naked-eyed  forms^  with  observa- 
tions on  the  study  of  their  development,  and  concluded  by  calling  the 
attention  of  the  members  to  the  study  of  this  interesting  group  of  animals. 

Mr  Patterson  made  some  observations  on  the  subject,  and  stated  that 
a  work,  part  of  which  he  held  in  his  hand,  was  nearly  ready  for  publica- 
tion, by  the  late  lamented  Dr  Edward  Forbes,  entitied,  '*  The  Natural 
History  of  the  European  Seas,"  firom  which  valuable  iiiformation  wonld 
be  obtained. 

Mr  Gbobgb  Htndman  made  some  observations  on  a  Remarkable  Sped' 
men  of  Fusus  despectus,  which  he  exhibited. 

Mr  OoiLBT  read  a  paper  on  the  Dispersion  of  the  Particular  Breeds 
of  Domestic  Animals  as  connected  with  the  great  Ethnological  Divisions 
of  Mankind, 

Mr  D.  MooRE,  Curator  of  the  Royal  Dublin  Society's  Garden,  Glas- 
nevin,  read  a  paper  entitled  Observations  on  Plants  which,  by  tJieir 
Growth  and  Decomposition,  form  the  Turf  vn  Ireland,  He  observed 
that,  although  much  has  been  written  and  reported  on  the  bogs  of  Ireland^ 
singularly  enough  no  person  had  yet  given  any  intelligible  account  of  the 
plants  which  form  them.  He  divided  the  varieties  of  bog  into  red  bog, 
brown,  black,  and  mountain  bog,  carefully  stating  the  plants  which  form^ 
each.  He  considers  the  red  bog  to  have  beeri  formed  on  the  sites  of 
ancient  lochs  or  deep  morasses,  of  which  upwards  of  one  million  of  acres 
exist  in  Ireland,  more  than  two-thirds  of  which  are  situated  west  of  the 
River  Shannon,  accordiog  to  the  reports  of  the  commissioners.  The  black 
t)og  he  considered  to  have  been  formed  on  the  sites  of  ancient  forests,  as 
was  evident  from  the  number  of  roots  and  stems  he  has  found  therein. 
He  did  not  consider  the  idea  correct,  of  species  having  once  flourished  on 
those  bogs  which  have  since  died  out  and  been  replaced  by  others.  His 
opinion  was,  that  the  Irish  bogs  were  of  too  recent  a  date,  and  that  we  had 
all  the  plants  existing  yet  in  Ireland  which  have  formed  them,  with  the 
exceptioD,  probably,  of  Lough  Neagh,  which  ma^  have  been  anterior  to 
the  glacial  epoch  of  geologists ;  but  he  thought  it  must  be  exceedingly 
haziurdous  to  state  what  the  species  were  which  formed  the  fossilized  wood 
found  there.  Mr  Moore,  in  allusion  to  this  portion  of  his  paper,  stated 
that  there  still  exist  a  few  trees  of  the  ancient  Scotch  fir  on  tne  Earl  of 
Arran's  property  in  the  County  Mayo,  which  once  formed  such  extensive 
forests  in  Ireland. 

Mr  N.  NivzN,  Garden  Farm,  Drumcondra,  then  read  a  paper  on  the 
Remarkable  Results  of  Experiments  on  a  Fruit-bearing  Tree.  This 
paper  went  to  show  what,  from  an  idea  gathered  from  the  last 
chapter  of  the  Revelation  of  St  John,  the  experimenter  was  led  to  an- 
ticipate, that  he  might  succeed  in  so  far  realiziug  a  certain  portion  of  the 
remarkable  description  of  the  wonderful  tree  therein  alluded  to.  His  sub- 
ject for  the  expermient  was  the  pear,  on  which  he  commenced  his  opera- 
tions in  1855,  and  at  the  present  time  (1857)  has  nearly  realized  the 
jemarkable  zesult  of  a  tnocession  of  fruit  f^m  the  one  tree  for  each 
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month  in  tlie  jear.    The  tree  in  question  has  been  grafeed  wi&  fortr 
Tarietiet  of  the  finest  pears,  and  is  in  great  Tiflour  of  bearing. 

Dr  Rbdfbeii  read  a  Notice  of  a  Simple  Me&od  of  Applying  tl<  Cm- 
pound  Microecope  to  the  Examination  of  the  ContenU  of  Amuuivam. 
lie  stated  that  he  had  for  some  time  made  use  of  a  very  simple  and  con- 
yenient  arrangement  for  examining  objects  in  aquaria  with  msgnifTng 
powers  up  to  those  given  in  the  half  circle  objective.  It  consisted  of  i 
vertical  stem  of  one-mch  brass  tubing,  about  two  feet  long,  supported  br 
a  heavj  cast-metal  foot.  In  this  stem  a  three-inch  piece  of  tube  slidei, 
and  is  supported  at  any  height  by  a  ring  and  pinching  screw  below  it 
This  short  sliding  tube  has  another  like  piece  attached  to  it,  and  lOtatiM 
on  an  axis  at  right  angles  to  the  rertical  stem.  Through  this  seoou 
piece  a  tube,  two  feet  long,  slides  horizou tally,  its  best  working  posi&on 
being  such  that  three-fourths  of  its  length  projects  on  one  side  of  tk 
vertical  stem,  and  the  other  fourth  on  the  opposite.  To  the  shorter  esd 
of  this  horizontal  tube  a  stem,  carrying  the  tube  of  the  body  of  themioo- 
scope,  is  attached  by  a  ball-and-socxet  joint,  admitting  of  a  coarse  sdjurt- 
ment  by  a  sliding  tube,  and  of  a  fine  acyustment  by  acting  on  the  long 
arm  of  the  lever  formed  bv  the  transversely  sliding  tube  to  the  end  of 
which  it  is  attached.  By  this  means  the  compound  microscope  is  cs[M|ble 
of  being  applied  to  any  part  of  the  surface  of  the  side  of  an  squsrims 
measuring  two  feet,  or  to  the  surface  of  the  fluid  which  it  contsins.  Tltf 
whole  arrangement  can  be  made  by  a  gas-fitter  for  the  sum  of  shout  2^, 
with  sufficient  accuracy  for  the  uses  for  which  it  was  designed.  Abnndatf 
illumination  may  be  obtained  in  cy lindriform  vessels  by  a  small  fist  mirn^ 
let  down  into  the  aquarium,  and  mored  into  any  position  by  wiiea^  wiiia 
can  be  attached  to  it  in  a  very  simple  manner. 

Mr  J.  S.  Bown&BANK  read  a  Further  Report  on  the  Vitality  of  i^ 
Spongiada,  The  author  referred  more  especially  to  the  vital  powers  of 
the  dermal  membrane,  and  to  the  imbibmg  pores  of  SpongiUa  jtwiatHU. 
These  organs  have  the  power  of  opening  and  closing  at  the  plessare  of 
the  animal,  in  a  similar  manner  to  the  oscula  descriSsd  in  the  previoiu 
report  on  the  same  subject,  but,  unlike  those  organs,  which  are  ntostedon 
elevated  bladder-formed  portions  of  the  dermal  membrane,  and  whieh  ve 
constant  in  their  action  and  continuous  in  structure,  the  pores,  when  oooe 
dosed,  rarely  open  again  in  precisely  the  same  situation.  The  eBsjis** 
concluded  by  stating  that  the  structure  and  habits  of  the  fresh-wstei 
sponges  were  strictly  in  accordance  with  those  of  the  marine  Spongiide. 
Professor  Kinahan  read  Notes  on  Certain  British  Genera  qflsopcif- 
He  gave  a  lengthened  description  of  the  structure  and  habits  of  tie 
Isopoda. 

Mr  £.  Pebcival  Wbioht,  director  of  the  College  Museum,  gave  f 
account  of  a  Visit  to  Mitchelstown  Cave,  in  the  county  of  Tipperary.  n 
the  early  part  of  the  present  month,  by  Mr  Halliday  and  lumself,  ^ 
their  return  from  a  short  entomological  tour  in  the  south  and  south-«a^ 
of  Ireland.  It  was  pretty  generally  known,  he  believed,  to  all  presents 
that  various  living  animals  had  been  discovered  inhabiting  the  deep 
reoesses  of  caves.  About  a  century  ago  the  Proteus  anffuinus  was  fooc^ 
in  the  caves  of  Camiola,  and  since  that  time  various  insects  and  cnista* 
ceans,  and  even  fishes,  have  been  discovered,  both  in  Europe  and  America 
Those  animals  were  found  very  far  in  the  Interior  of  the  caves.  In  those 
of  Camiola  none  were  found  within  two  miles  of  the  mouth,  and  bene? 
they  never  see  light ;  and  as,  under  these  circumstances,  eyes  would  be 
quite  useless  to  them,  they  are  not  provided  with  any,  so  that  they  are 
quite  blind,  and  never  stray  into  the  upper  world.  This  is  a  deeply  '^' 
teresting  fact  in  relation  to  the  theory  of  single  centres  of  creation,  ft^ 
here  is  a  species  with  its  centre  of  creation  and  the  extent  of  its  wander- 
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ing«  all  within  the  limits  of  one  small  district — ^resembline  those  plants 
and  animals  which  inhabit  some  of  the  small  islands  in  the  Pacinc  and 
other  oceans,  and  are  found  nowhere  in  the  world  besides.  The  eayes  of 
Gimiola  were  visited  bj  Schiodte  in  1851,  and  he  sabeeqnently  published 
a  very  interesting  account  of  his  researches.  Mr  Murray  had  risited  some 
of  the  large  natural  caxes  in  Derbyshire,  but  no  blind  animals  had  been 
found  in  England.  Mr  Wright'went  on  to  say  that  Mr  Halliday  and  he, 
after  an  hour's  drive  from  Cahir,  arrived  at  the  foot  of  the  small  moun- 
tain within  which  the  caves  are  found,  the  geological  aspect  of  which  and 
the  surrounding  country  he  briefly  described.  The  townland  of  Cool- 
nagarranroe  Ues  in  the  valley  which  separates  the  Galtees  and  Knock- 
mildown  chains  of  mountains — ^the  former  constituting  its  northern,  and 
the  latter  its  southern  boundary.  The  prevailing  rode  at  this  extremity 
of  the  Galtees  is  conglomerate,  which  occasionally  passes  into  sand- 
stone ;  while  that  which  composes  the  opposite  chain  of  hills  is  an  inter- 
mediate between  sandstone  and  schist.  The  material  of  the  decom- 
posed valley  is  compact  gray  limestone,  and  this  rock,  in  the  townland 
already  mentioned,  forms  the  small  rounded  hills,  within  both  of  which 
cavities  of  considerable  magnitude  exist.  One  has  been  known  from 
the  remotest  antiquity ;  the  other  was  discovered  about  twenty  four  years 
ago  by  a  man  engaged  in  quarrying.  Having  penetrated  the  cave  by 
a  narrow  passage  about  four  feet  in  width  and  thirty-three  in  length, 
and  which  gnuiually  declined  until  it  terminated  in  a  vertical  preci- 
pice many  feet  deep,  down  which  they  descended  by  means  of  a  ladder, 
they  proceeded  onwards  until  they  reached  the  lower  middle  cave. 
This  is  upwards  of  thirty-five  feet  mgh  ;  the  roof  is  covered  with  small 
stalactites,  and  the  fioor  is  strewn  with  large  tetrahedral  blocks  of  lime- 
stone. About  the  entrance  of  the  cave  some  specimens  of  a  macrotoma 
{Podua  LiwncBus)  were  running  over  the  rocks.  They  appeared  to  be 
bewildered  by  the  light  as  it  approached,  and  stood  still,  so  that  by  put- 
ting a  quilt  over  the  spot  one  or  two  of  them  were  caught ;  but  unless  this 
was  done  dexterously,  they  leaped  away.  Advancing  farther,  at  one 
time  down  precipices  dangerous  enough  to  make  one  distrust  the  guides, 
then  creeping  for  many  yards  along  the  ground,  which  was  covert  with 
a  fine  red  clay,  so  fine  as  to  resemble  red  paint,  and  then  along  places 
where  they  could  neither  walk  nor  creep,  but  were  obliged  to  crawl  flat 
upon  the  ground  and  wriggle  through, — ^at  the  farthest  end  of  the  long 
cave  they  discovered  a  species  of  the  same  group  as  that  which  they  had 
pTeviously  noticed,  but  one  about  which  there  could  be  no  mistake,  as  it 
was  decidedly  a  native  indigenous  to  the  caves.  This  was  a  Lipuva 
somewhat  hu^r  than  the  Lipuva  fimetaria^  which  abounded  on  the  sur- 
face of  some  Uttle  pools  formed  by  drippings  from  the  roof.  They  clus- 
tered especially  on  floatbg  lumps  of  son  cucareous  concretions,  and  also 
in  the  moist  rocks  of  the  sides  of  the  caves,  especially  about  some  dusky 
stains  of  the  incrusted  rocks.  Xhe  surface  of  these  rocks  was  scraped ; 
but  after  being  dried  the  matter  appeared  to  consist  chiefly  of  fine  earth, 
with  a  smaller  proportion  of  vegetable  granular  matter,  apparently  the 
first  state  of  some  algoid  growth,  presenting  no  trace  of  regmar  organiza- 
tion. They  were  inclined  to  identify  this  Lipuva  with  the  species  which 
Schiodte  found  in  the  Adelsberg  grottos,  although  there  are  some  points 
in  which  his  description  does  not  exactly  correspond.  The  true  specific 
distinctions,  however,  of  this  long-neglected  group  of  insects  are  scarcely 
80  well  understood  as  yet  as  to  induce  them  to  propose  a  new  specific 
name  for  it  on  the  ground  of  the  difierences  which  they  noticed.  They 
brought  home  a  good  number  of  specimens  firom  the  Mitchelstown  caverns 
in  excellent  preservation,  and  some  were  yet  alive ;  but  unfortunately 
they  found  it  impossible  to  pay  any  attention  to  them  fior  a  fortnight,  and 
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by  that  time  their  bodies  were  completely  diBeolred  away.  A  few  ipeo- 
mens  were  preferred  in  alcohol,  and  alone  furnished  the  materials  far  ex- 
amination ;  and  thoee  who  knew  the  fragile  and  watery  eonsistence  of 
insects  of  this  group  must  be  aware  that  some  of  the  chsraefcen  of  ex- 
ternal form,  and  all  those  of  internal  organization,  were  UaUe  to  be  some- 
what affected  by  their  being  kept.  Only  one  of  the  specimens  appearedto 
be  quite  mature,  owing,  probably,  to  defective  manipulation  in  the  micro- 
soopical  examination.  There  seemed  to  be  a  very  important  differenee 
between  their  and  Schiodte^s  species,  for,  on  opening  the  head  and  taUng 
out  the  contents,  they  could  not  discoyer  the  feast  trace  of  eyes,  whereis 
he  detected  fourteen  ocelli  on  each  side  quite  white,  from  whidi  he  in- 
ferred that  they  were  useless  for  Yision.  Near  the  Garret  Gstq,  wliik 
en^^ged  in  turning  over  some  stones,  he  found  the  skeletons  of  WTenl 
bats,  most  probably  not  of  very  ancient  date,  as  this  portion  of  the  esTCH 
was  the  nearest  to  the  surface,  and  it  was  quite  possible  there  majte 
some  slight  communicatbn  with  the  open  air.  He  expressed  a  hope  thit 
these  caves,  as  well  as  those  of  Dunmore,  would  be  examined  wi&  greater 
care  than  had  been  hitherto  bestowed  upon  them.  Even  in  the  Mitehds- 
town  caves  many  places  are  still  unexplored ;  and  perhaps  if  the  riTer 
were  throughout  its  length  carefully  drodged  with  a  water  net,  crostioei 
might  be  found.  He  attempted  to  wade  it,  but  its  icy  coldness,  and  np«l 
deepening  of  its  stalagmitic  strand,  prevented  him  from  going  in  fir. 
Mr  Wright  stated,  in  conclusion,  that  the  paper  whidi  he  had  rndcoold 
not  have  been  presented  to  the  section  without  the  assistance  of  Mr 
Halliday. 

The  Kev.  Mr  Higgins  suggested  the  possibility  that  the  blind  Us^ 
noticed  in  the  paper  might  belong  to  a  species  that  had  lost  their  or^ 
of  sight  so  as  to  nt  them  for  the  circumstances  and  place  in  whidi  the; 
were  discovered. 

Mr  Halliday  observed  that  the  insects  found  in  the  cavern  had  other 
peculiarities  besides  their  want  of  the  organs  of  sight,  which  showed  then 
to  be  a  distinct  species.  There  could  be  no  doubt  that  they  had  been 
formed  without  eyes,  which  fitted  them  for  the  places  which  thej  in- 
habited. 

Mr  Halliday  then  exhibited  a  beautiful  specimen.  Inclosed  in  ahottk, 
of  the  migratory  locust,  which  had  been  found  in  the  Ck>llege  groos^ 
some  minutes  previously.  He  observed  that  it  very  rarely  visited  this 
country,  as  it  seldom  came  so  far  north,  but  inhabited  Western  Eoiope 
and  the  basin  of  the  Mediterranean. 

Dr  KiNAHAR  read  a  paper  an  the  Honey  Jester ;  and 

Professor  Macdonald  offered  a  few  remarks  upon  some  crustaoeoTis 
species. 

Professor  Kinahan  read  a  paper,  communicated  by  Dr  Buist,  on  tU 
Lotus  or  Sacred  Bean  of  India, 

Mr  R.  ScHLAOiNTWBiT  read  a  paper  containing  remarks  on  some  A^- 
mats  of  Thibet  and  India, 

Mr  William  Amdrb wb  read  a  paper  oontaining  some  remarks  on,  ih 
Sea  Fisheries  of  Ireland,  yriih  reierence  to  their  investigation  practicallj 
and  scientifically.  Having  stated  that  the  object  of  the  paper  viss  to 
create  an  investigation  into  the  Irish  fisheries,  with  a  view  to  their  greater 
development,  he  alluded  to  the  importance  of  those  fisheries,  especially  the 
west  and  south-west  coast.  He  said  the  British  fisheries  in  Newfi>imd- 
land  did  not  receive  the  attention  to  which  they  were  entitled,  and  that  o& 
our  own  coast  the  cod  fishery  had  much  declined — that  fish  seldom  being 
seen  in  our  markets  except  in  winter  or  spring.  He  then  referred 
to  the  practice  of  sounding  as  a  mode  of  discovering,  by  means  of  the  ns* 
rine  aninasds  caught  in  Sie  process,  the  particulu*  localities  which  par- 
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ticalar  fish  fireqaented  and  their  habits.  He  said  that  the  ling  season  was 
the  most  important  in  connection  with  oar  fisheries,  but  that  in  oonse* 
qnenoe  of  the  smallness  of  the  boats  it  was  carried  on  only  during  the 
spawning  season.  He  then  referred  to  the  practice  of  trawling,  which 
he  said  was  most  useful  and  profitable,  and  to  the  objections  of  the  fisher- 
men to  adopt  it.  He  said  that  he  attended  in  June  18o2,  at  the  inves- 
tigation in  Galwaj  into  the  fishery  on  the  west  coast.  The  Rev.  Peter 
Daly  presided  at  that  inquiry,  and  eveirthing  was  carried  on  with  the 
greatest  impartiality.  A  number  of  Claddagh  fishermen  were  there  exa- 
mined, who  showed  that  they  knew  nothing  of  the  spawning  of  fish,  and 
that  they  merely  fished  as  their  forefathers  did  before  them.  Mr  An- 
drews exhibited  a  specimen,  which  he  said  it  was  insisted  by  the  fisher- 
men was  spawn  which  the  trawlers  took  up,  but  which  he  discoTered  was 
sponge,  and  not  spawn.  He  then  alluded  to  the  erroneous  views  that 
were  formed  of  the  migratory  habits  offish,  and  in  conclusion  he  said  that 
science  should  come  to  the  aid  of  practical  knowledge  so  as  to  develop  the 
fisheries  of  the  country,  and  while  such  eminent  scientific  men  were  in  ex- 
istence as  those  which  were  attached  to  this  section,  there  should  be  every 
hope  that  some  scheme  would  be  shortly  devised  with  that  object. 

rrofessor  AUman  said  that  thievery  valuable  paper  proved  the  import- 
ance of  bringing  scientific  knowledge  to  bear  on  the  every-day  pursuits  of 
life.  By  his  discoverv  in  reference  to  the  sponge  which  was  supposed  to 
be  spawn  offish,  Mr  Andrews  had  dissipated  a  phantom  that  was  exercis- 
ing a  most  injurious  effect  on  the  development  of  the  fisheries  of  the 
country. 

Dr  Daubxnt  read  a  paper  by  T.  Maxwell  Masters,  on  Contrtbu- 
tiona  to  Vegetable  Teratology,  in  which  an  account  was  given  of  various 
vegetable  monstrosities. 

t>r  Steele  instanced  the  case  of  Mejacapcea  Polya/ndria,  that  flowered 
in  the  Glasnevin  Gardens,  which  was,  perhaps,  the  only  instance  in  the 
whole  order  of  the  crucifera  in  which  so  many  as  twelve  stamens  were 
developed. 

Mr  Perdval  Wright  instanced  a  case  of  monstrosity  in  a  fuchsia. 

Dr  Steele  read  a  paper  by  Professor  Bsickicam  on  the  Occurrence  of 
Cuicus  tuherosu8» 

Mr  E.  Biachbll  communicated  a  list  of  additions  to  Irish  Lepidoptera. 

M.  M.  Nevbn  read  a  paper  on  the  importance  of  a  thorough  under- 
standing of  the  root  principle  in  the  cultivation  of  trees  • 

Sub-Section  D.— PHYSIOLOGIOAL  SCIENCE. 

Professor  Latoock  read  an  abstract  of  a  paper,  by  Professor  Alison  of 
Edinburgh,  on  Certain  d  priori  Principles  of  Biology,  This  paper 
went  to  show  that  there  are  certain  principles  which  must  be  admitted, 
although  inconceivable  to  our  minds,  and  uiat  tiiese  principles  present 
the  same  basis  for  physiological  science  as  the  axiom  of  geometry  for 
geometrical  science,  or  as  certain  intuitive  principles  for  the  science  of 
morals.  It  may  be  said  that  the  paper  was  an  attempt  to  apply  the  doc- 
trines of  the  Scottish  School  of  Metaphysics  to  physiological  science^ 
On  account  of  the  recent  illness  of  the  distinguished  author  of  this  paper, 
Professor  Laycock  was  unable  to  do  more  than  communicate  an  outline  of 
his  views. 

Dr  Gairdner,  of  Edinburgh,  as  a  pupil  of  Dr  Alison's,  explained  the 
nature  and  tendency  of  his  distinguished  master's  views,  which  were 
chiefly  directed  to  oppose  the  modem  tendency  of  medical  investigators 
to  degrade  their  science  to  that  of  a  subordinate  department  of  chemistry 
on  the  one  hand,  or  of  mechanical  science  on  the  other,  omitting  all  con* 
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•iderationi  of  that  higher,  though  leas  inteUigihle  dui  of  phnoBeu 
which  are  Imown  as  vital. 

Dr  Hauohton  read  his  pa^r  on  the  <>riental  Bath.    This  bath,  lie 
observed,  was  of  verj  great  antiquity,  for  we  read  of  its  existence  amoiigst 
the  ancient  Egyptians,  Chaldeans,  and  Persians.    A  notion  preT&iled 
that  the  Eastern  bath  was  not  to  be  nsed  except  in  particular  climates, 
but  it  would  be  found  that  the  ancient  Greeks  and  Romans  veie  ac- 
quainted with  it,  and  were  in  the  habit  of  using  it  frequentlj.   It  wu 
introduced  by  the  Romans  into  Spain,  and  was  afterwards  brought  into 
France  and  the  British  islands.    He  felt  confident  that  if  proper  «ml 
were  made  sufficient  evidence  would  be  found  of  its  having  been  exten- 
sively used  in  these  countries.    Having  expressed  his  surprise  at  the 
disuse  into  which  the  ancient  bath  had  fidlen  among  civilized  nations,  he 
proceeded  to  give  a  description  of  the  mode  in  which  it  was  used,  and  to 
offer  some  observations  upon  the  physiology  of  the  process.   He  regarded 
the  eastern  bath  as  a  pleasure  free  ffom  vice,  and  a  luxury  whidi  was  not 
ii^'urious.     It  only  required  sufficient  demand  in  this  oountrv  to  beeome 
80  cheap  as  to  be  accessible  to  all  classes.    The  price  of  a  bath  in  andent 
Rome  was  about  one-eighth  of  a  penny  of  our  money.    There  was  no  drag 
to  be  compared  to  it  in  a  sanitary  point  of  view  as  a  purifier  of  the 
system.    Gout,  rheumatism,  and  chronic  and  skin  diseases  were  not  known 
among  the  Turks,  who  were  seldom  ill.    The  physicians  beliere  that 
those  effects  were  owiug  to  the  great  attention  which  they  bestow  npos 
the  functions  of  the  skin,  which  the  most  eminent  physiologists  now  con- 
sider to  be  analogous  to  the  functions  of  the  lungs.    Deformed  people 
were  also  rarely  to  be  met  with  amongst  the  Turks.    He  was  of  opinion 
that  something  more  than  bathing  was  required  to  produce  a  fine  race  of 
men,  and  the  people  of  Europe  should  follow  the  practice  of  their  ances- 
tors and  adopt  the  ancient  bath.    Our  own  oountiy,  he  obserred,  had 
led  the  way  in  this  movement ;  for  the  only  building  of  the  kind  in  the 
west  of  Europe  was  opened  recently  near  Cork,  and  was  used  as  t 
remedial  agent  with  great  success. 

Dr  Laycock  observed  that  in  Liverpool  there  is  a  plunge  bath  where 
boys  can  gambol  about  every  day  for  a  very  small  sum,  and  without 
actually  adopting  the  Turkish  bath  in  all  its  details,  he  thought  they 
might  erect  baths  suitable  to  the  wants  and  circumstances  of  this  oonntij. 

Mr  Wrenfordsley  stated  that  similar  baths  to  that  alluded  to  at  Liver- 
pool, had  been  established  in  Paris  and  Bordeaux. 

M.  I'Abbe  Moigno  communicated  in  French,  on  the  part  of  M.  Le 
Baron  Heubtelout,  a  New  Method  of  Administering  Chloroform. 

Dr  PozNANSKi  read  a  paper  on  the  Relations  of  Atmospheric  Vicmi- 
tude  with  Epidemic  Diseases,  and  exhibited  a  very  ingenious  instrument 
for  estimating  the  rate  and  force  of  the  arterial  pulse. 

Dr  Hatden  made  a  communication  on  the  Physiological  Relations  of 
Alhwmen. 

Dr  W.  T.  Gaibbneb  read  a  paper  on  the  Mortality  of  Certain  Diseases, 
The  object  of  this  paper  was  to  show  the  prevalence  of  certain  cause's 
of  death  among  the  population  of  .a  great  city,  as  shown  by  the  analysis 
of  somewhat  less  than  300  cases  of  death  in  the  population  of  Edinburgh. 
The  author  commented  on  the  most  frequent  causes  of  mortality,  and 
showed  the  sources  of  fallacy  attaching  to  the  returns  of  causes  of  death 
hitherto  made.  He  made  a  suggestion  with  regard  to  the  observation  of 
causes  of  death  in  hospitals,  but  said  that  the  registration  of  deaths  on 
the  large  scale  is  a  work  of  difficulty  and  labour  so  great,  that  any 
interference  with  the  present  system  was  not  within  the  scope  of  the 
paper. 
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Dra  Layoock  and  Lankeeter  made  obfleirations  at  considerable  length 
on  the  very  Taluable  communication  of  Dr  Gairdner. 

Dr  Cabte  communicated  some  obseryations  in  reference  to  tlie  Belatlon 
of  the  Nervous  System  to  the  Functions  of  the  SMn. 

Professor  Hatden  read  a  paper  on  the  Physiological  Relations  of 
Albumen  in  the  Body.  His  yiews  were  supported  by  a  number  of  ex- 
periments which  he  performed  on  the  lower  animals,  and  illustrated  by 
microscopic  demonstration  of  the  acticm  of  urea  on  the  elements  of  the 
blood. 

Dr  Lankbbteb  read  a  paper  on  AltemaMon  of  Oenerations,  and 
Parthenogensis  in  plants  and  animals,  pointing  to  the  numbers  of 
instances  in  which  reproduction  takes  place,  both  in  plants  and  animalB^ 
by  means  of  asexual  and  sexual  individuals. 

Mr  LiSTEB  brought  before  the  section  the  result  of  some  observations 
which  he  had  made  in  the  year  1853  on  the  Flow  of  Chyle  through  the 
lacteals  and  mysentery  of  the  mouse. 

Dr  Lyons  made  a  <K>mmun]cation,  on  the  part  of  Dr  Habdt  of  Dublin, 
with  respect  to  an  Apparatus  for  the  Production  of  Local  Ancesthesia, 
by  which  it  appeared  that  an  instrument  for  this  purpose  was  invented 
by  Dr  Hardy  in  1653 ;  and  subsequently  a  more  complete  and  perfect 
apparatus,  by  which  the  vapour  of  hot  water  can  be  combined  with  that  of 
cnloroform,  thereby  making  the  vapour  of  the  anaesthetic  agent  more 
effective  for  the  alleviation  of  pain. 

Dr  RoBEBT  McDonnell  read  a  paper  on  the  Valvular  Apparatus  con^ 
nected  with  the  vascular  system  of  certain  abdominal  viscera. 

Professor  Cablisle,  in  some  observations  on  the  Junctions  of  the 
External  Ear,  described  in  detail  the  exquisite  arrangements  by  which 
vibrations  of  sounding  bodies  are  received  imd  transmitted  by  the  external 
ear. 

Dr  W.  T.  Gaibdneb  read  a  paper  an  the  Action  of  the  Auriculo* 
ventricular  valves  of  the  Heart, 

Dr  M'Clintock  brought  forward  a  series  of  observation  made  by  him 
in  his  official  capacity  in  a  maternity  hospital,  as  to  the  Average  Weight 
of  the  Heart  in  Children  who  survived  birth  seven  days,  two  hours,  and 
others  still-bom. 

Mr  John  Pope  Henesst  read  a  paper  on  some  Changes  in  Blood-cor^ 
puscles.    He  stated  the  results  of  some  of  his  microscopical  observations. 

Professor  Lyons  read  a  paper  on  the  importance  of  vntroducing  a  new 
and  uniform  standard  of  Micrometric  Measurement, 
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Captain  Wilkes  on  the  Zodiacal  Light,  Observations  made  by  tbtt 
Exploring  Expedition  under  his  command,  proved  that  the  light  has  not 
<!hanged  its  character  since  its  discovery,  more  than  two  centuries  ago. 
He  mentioned  various  theories  regarding  its  origin ;  that  it  is  derived 
from  the  atmosphere  of  the  sun ;  that  it  is  a  nebulous  ring,  with  the  sub 
BB  a  centre ;  a  nebulous  ring  with  the  earth  as  a  centre  ;  ^a  nebulous  mat- 
ter floating  in  space,  from  which  the  showers  of  stan  may  be  traoed, 

*  This  abstract  has  been  prepared  chiefly  fh>m  notices  of  the  proceedings 
given  in  the  Boston  Daily  Advertiser  and  the  Kew  York  Tribune. 
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wben  the  matter  eomee  in  eontaet  with  the  earth ;  but  he  thoogkt  it  if 
impoMible  to  reconcile  these  theories  with  the  facts.  He  described  tkd 
▼arioos  phenomena  of  the  light,  different  from  the  extended  light  of  fan- 
let  and  of  twilight.  It  yaries  with  the  position  of  the  ohserrer,  the 
morning  light  does  not  correspond  with  that  of  eyening,  bat  the  indiitf- 
tion  to  the  ecliptic  of  the  former,  is  tranverse  to  that  of  the  latter.  Tbe 
light  is  the  result,  in  his  opinion,  of  the  light  of  the  son  ftlling  perpen- 
dicular to  the  earth's  atmosphere,  in  the  plane  of  the  ediptie.  He  vm- 
pared  it  to  the  effect  produced  bj  letting  the  rajs  of  the  sun  eater  a  bole 
in  the  shutter  of  a  room  which  would  be  otherwise  dark,  maiking  viiiUe 
that  portion  of  the  atmosphere  which  is  illimiined  bj  the  rsjs. 

Professor  B.  S.  Shell  vpon  the  Vibrations  of  the  Fall  over  ^  Dsa 
across  the  Connecticut  Biver,  at  Holyohe,  Mass,  At  the  time  of  ob- 
ier  ration  there  was  a  sheet  of  water  two  feet  deep,  1017  feet  in  width, 
and  30  feet  high.  Bj  going  behind  the  sheet,  it  is  at  once  seen  tint 
the  currents  of  air  rush  in  and  out  alternately,  with  a  yibrating  notkn. 
The  fall  of  the  water  causes  a  rarefaction  of  the  air  behind,  whidi  in 
turn  produces  the  pulsatory  motion  of  the  sheet.  The  Tibrations  yvj 
with  changes  in  the  atmosphere  or  in  the  depth  of  the  water  over  tiie 
dam.  At  one  obserration  he  had  counted  137  vibrations,  and  at  another 
S56  yibrations  in  one  minute.  The  Tibrations  are  communicated  to  the 
land  and  buildings  in  the  neighbourhood.  A  count  of  the  vibiatiaos  of 
a  window- sash,  gave  the  same  result  as  a  count  at  the  base  of  the  &U. 

Professor  Bacbv  on  the  MeasurerMtU  of  a  Base  Line  oti  irppia? 
Plains^  Washington  County,  Maine,  for  the  primary  triangulationof  the 
Eastern  section  of  the  coast  of  the  United  States.  The  selection  of  ths 
interior  site  (between  Bangor  and  Calais)  was  rendered  necessary  by  tho 
absence  of  any  long  beach  upon  the  coast  of  Maine.  He  described  the 
physical  character  of  the  plaLi,  and  of  the  whole  line,  which  is  five  uA 
four-tenths  miles  in  length.  The  measurement  was  taken  with  grett 
care,  and  was  a  work  of  considerable  labour,  requiring  the  unintempted 
attention  of  all  the  operators,  and  continuing  for  eight  days.  The  mem 
IcTel  of  the  line  is  257  feet  above  tide-water,  and  the  fact  of  its  height, 
coupled  with  the  novelty  of  establishing  a  line  so  far  inland,  constitated 
the  chief  interest  of  the  paper. 

Rev.  Thomas  Hill  laid  upon  the  table  a  Chart  of  the  Annular  EeUfU 
of  March  14, 1858,  showing  that  its  beginning  will  be  visible  only  East 
of  longitude  69°  west  from  Greenwich,  and  its  close  visible  only  east 
of  a  line  joining  the  western  end  of  Lake  Superior  and  the  city  of  Mobik 

Mr  Hill  then  read  a  note  upon  a  new  form  of  Arithmetical  ConpU- 
msnts  which  he  had  been  led  to  use  in  constructing  a  Ceiiculating  Uor 
chine.  He  is  enabled  to  subtract  and  divide  by  the  same  movements  tf 
those  by  which  he  adds  and  multiplies. 

The  same  gentleman,  having  at  the  Cambridge  meetings  presented  a 
paper  upon  "  Peirce*s  circular  co-ordinates,"  now  added  some  remaita 
upon  other  possible  systems  of  co-ordinates  in  one  plane.  He  obtaisi 
twenty-two  couples  of  quantities  defining  infinitesimal  curves,  eitbtf 
member  of  each  of  which  may  be  considered  as  the  independent  variable, 
and  the  other  as  its  ftmction ;  thus  obtaining,  in  one  sense,  forty-three 
general  systems  of  co-ordinates  by  which  a  curve  may  be  represented 
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without  the  use  of  anjtUxig  more  than  ordlnarj  algebra.    He  regarded 
about  one-fourth  of  his  systems  as  worthy  of  inyestigation. 

Rey.  Gbosgv  Jorbs,  U.S.N.,  read  an  Account  of  One  Hundred  and 
Twenty- three  Obeervations  on  the  Zodiacal  Lights  made  at  Quito^  Ecua^ 
dor,  Quito  itself  is  9600  feet  above  the  sea,  and  the  obserrations  were 
made  from  a  hill  10,000  feet  above  the  sea.  Some  interesting  facts  are 
given  to  show  the  great  brilliancj  of  the  atmosphere ;  Humboldt  was  able 
to  see  his  companion  at  a  distance  of  seventeen  and  one-third  miles.  The 
various  appearances  of  the  light  were  described,  and  the  following  deductions 
were  drawn  : — (1.)  That  the  substance  giving  the  light  forms  a  complete 
circle  across  the  sky ;  (2  )  This  circle  is  a  great  circle  in  the  heavens,  with 
a  width  of  28^,  and  at  a  distance  of  100,000  miles,  and  taking  its  central 
light  as  our  guide,  its  descending  node,  at  the  time  of  observation,  was 
in  longitude  242° ;  (3.)  It  is  a  complete  circle,  distinct  by  itself,  geocen- 
tric (or  having  the  earth  for  its  centre),  and  not  very  far  distant  from 
the  earth.  Mr  Jones  said  that  if  the  brilliancy  of  the  Milky  Way  be 
represented  by  an  ascending  scale  from  0  to  20,  the  zodiacal  light  will 
be  represented  by  6  or  7  ;  that  it  is  not  observed  by  the  people  of  Ecua- 
dor, nor  was  it  seen  by  Humboldt  when  in  that  country. 

Professor  Peirce  showed  that  by  his  investigations  on  Saturn's  ring, 
the  sun  could  not  sustain  a  ring  except  between  Mars  and  Jupiter ;  and 
even  there,  the  great  tides  produced  by  those  planets  would  break  up  the 
ring  in  small  portions,  forming,  perhaps,  the  asteroids.  To  hold  a  per- 
manent ring  requires  satellites  or  planets  of  a  certain  number  and  weight, 
such  as  Saturn  has  around  him.  In  regard  to  our  zodiacal  light,  it  can- 
not be  composed  of  small  pieces,  because  it  can  readily  be  shown  that  they 
would  pass  in  conflicting  currents.  But  if  gaseous,  why  does  it  not  show 
the  great  tides  which  our  large  and  heavy  moon  vrould  produce  ?  That 
it  is  really  a  ring  is  manifest,  but  there  is  a  difficulty  in  reconciling  the 
existence  of  a  ring  with  the  non-appearance  of  tides  in  it. 

Professor  B^ohb  read  a  paper  upon  the  Winds  of  the  Pacific  Coast  of 
the  United  States,  giving  the  results  of  observations  made  in  connection 
with  the  Coast  Survey  at  Astoria,  San  Francisco,  and  San  Diego.  There 
i8*a  great  preponderance  of  westerly  winds  at  those  places,  while  easterly 
winds  preponderate  on  our  eastern  coast ;  there,  however,  the  vrest  winds 
are  to  east  as  8  to  1 ;  the  west  winds  increase  in  summer  and  decrease 
in  winter ;  the  east  winds  occur  in  the  winter,  and  hardly  at  all  in 
the  summer ;  the  north-west  wind  prevails  at  Astoria  and  San  Diego^ 
while  the  south-west  prevails  at  San  Francisco ;  the  summer  months  are 
windy,  and  those  of  winter  calm ;  March  and  September,  our  most  windy 
months,  are  the  calmest  there. 

Professor  Hbnbt  read  an  Explanation  of  the  Physical  Conditions 
determinate  of  the  Climate  of  the  United  States.  He  first  treated  of 
the  winds,  and  explained  the  preparations  which  have  been  made  for 
observing  and  recording  their  diiection ;  the  results  of  these  observa- 
tions will  greatly  aid  the  philosopher  in  determining  the  laws  and  effects 
of  the  winds.  The  currents  of  water  exercise  an  influence ;  the  revolu- 
tion of  the  earth  causes  the  cold  descending  currents  to  take  a  westerly 
direction,  while  the  warm  ascending  currents  tend  to  the  East.  The 
topographical  character  of  the  country  was  also  considered.  The 
Appalachian  range  in  the  eastern  portion  has  no  effectup^njthe  atmo- 
sphere ;  because  the  wind  is  dry  when  it  ascends,  anAj^SB^ililP^jfgig 
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the  eold,  contimets  ag«m  on  its  deioent,  and  is  zestored  to  its  origiml 
temperature.  On  the  Rockj  Mountains,  however,  tiie  temperatore  is  ftr 
warmer  than  in  the  same  latitudes  below,  beeause  the  west  wind,  coming 
moist  firom  the  ocean,  is  condensed,  and  thus  heat  is  eyoWed,  lo  that  tbe 
wind  comes  down  upon  the  plains  hot  and  drj.  The  great  powa  of 
tornadoes  comes  from  their  course,  which  are  onward  and  upward,  Bot 
gyrating.  Be  refuted  the  idea  that  north-easterlj  storms  move  from 
south-west  to  north-east,  although  it  first  begins  to  rain  at  the  kA 
The  storms  themselves  more  from  the  north-east  to  south-west,  acqoir* 
ing,  however,  a  general  motion  as  a  whole,  towards  the  east  Thu  mj 
be  represented  bj  placing  a  rod  upon  the  western  part  of  the  map  of  tk 
United  SUtes,  with  a  direction  from  N.N.E.  to  S.S.W.;  then  if  we 
give  this  whole  rod  (along  which  the  current  and  storm  are  supposed  to 
flow),  an  easterly  motion,  such  as  it  would  acquire  from  the  motion  of 
the  earth,  it  will  be  found  that  the  lower  part  of  the  rod  will  reach  tbe 
coast  first ;  that  is,  the  inhabitants  of  the  south-eastern  portion  of  the 
coast  will  be  visited  bj  the  storm  in  advance  of  those  north-east  of  thesL 

Dr  WvwNB  on  the  Influence  of  the  Qulf  Stream  upon  the  Atlan^ 
Ooaet  of  the  United  Statee,  treating  the  subject  in  a  hygienic  light 
He  added  that  the  peculiar  conformation  of  the  bottom  of  tiie  sea  has  iti 
effect  upon  the  Gulf  Stream,  and  therefore  upon  the  climate. 

Professor  W.  M.  Gillespie,  of  Schenectady,  N.  Y.,  on  the  Warfid 
Surfacee  occurring  in  Roeid  Excavations  and  Enibanhnenti.  He  shewed 
the  precise  nature  of  such  a  surface  to  be  a  hyperbolic  paraboloid,  and 
decided  that  the  familiar  **  prismoidal  formula''  can  be  applied  with  pe^ 
feet  accuracy  to  the  solid  bounded  on  one  face  by  a  warped  surface,  the 
other  faces  being  planes. 

Professor  John  Legonte,  of  South  Carolina  College,  gave  an  account  of 
tome  preliminary  researches  on  the  Alleged  Influence  of  Solar  Ug^^ 
on  the  Process  of  Combustion,  Most  physicists  have  regarded  as  a  fal- 
lacy the  popular  opinion  that  the  action  of  the  sun  upon  fire  tends  to 
retard  the  process  of  burning.  Dr  M'Keever,  after  a  series  of  carefol 
experiments,  came  to  the  conclusion  that  the  rate  of  combustion  in  the 
dark  exceeds  the  rate  in  the  sunlight,  by  from  5  to  11  per  cent ; 
while  moonlight  has  no  such  influence.  Dr  Leconte  gave  an  aoconnt  of 
some  careful  experiments  made  by  himself,  to  test  the  same  thing.  The 
results  convinced  him  that  the  rates  of  combustion  in  the  sunlight  and 
dark,  other  things  being  equal,  are  precisely  the  same. 

In  conducting  his  experiments  Prof.  Leconte  endeavoured  to  secure 
two  conditions,  viz.  :-— 

1 .  Absolute  calmness  in  the  atmosphere. 

2.  Exposure  of  the  flame  to  the  influence  of  intense  solar  light  with- 
out heating  the  surrounding  air. 

The  first  condition  was  secured  by  performing  all  the  experiments 
in  a  large  lecture-room,  with  all  the  doors  and  windows  closed.  To 
secure  the  second  condition,  he  employed  a  portion  of  the  apparatus  be- 
longing to  a  large  solar  microscope,  consisting  of  the  reflecting  minor, 
the  condensing  lens  and  tube,  together  with  the  mechanical  arrangements 
for  adjusting  the  direction  of  the  light.  As  the  condensing  lens  was 
upwards  of  four  inches  in  diameter,  the  intensity  of  the  light  oould  be 
increased  nearly  tenfold ;  so  that  its  effects  ought  to  be  enormously  ez- 
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i|gg«nted.  This  airangemeiit  cat  off  all  of  the  inflaenoe  of  exterior 
agitations  of  the  atmosphere ;  while  the  concentrated  pencil  of  light,  thus 
thrown  on  the  flame,  trarersed  it,  as  well  as  the  surrounding  air,  without 
imparting  a  sensible  amount  of  heat  to  the  latter. 

In  his  experiments.  Professor  Leconte  used  the  host  waz-candles. 
These  were  foui^d  to  bum  with  remarkable  uniformity,  proyided  the  air 
was  calm,  and  thej  be  allowed  to  continue  burning  a  sufficient  length  of 
time  to  form  a  well-defined  cup  for  the  melted  wax,  and  to  establish  re- 
gularity in  the  process  of  combustion.  The  rate  of  burning  was  deter* 
mined  hj  securing  a  portion  of  the  wax-candle  to  the  bottom  of  one  of 
the  scale  pans  of  a  tail  balance,  and  accurately  noting  the  time  it  re- 
quired to  consume  a  given  weight,  say  60  or  100  grains.  It  will  be  ob- 
•erred  that  his  arrangements  enabled  him  to  ascertain  the  rapidity  of 
consumption  of  the  candle  alternately  in  the  darkened  room,  and  with  a 
pencil  of  concentrated  sunlight  directed  on  the  flame,  without  moving  any 
portion  of  the  apparatus,  and  therefore  to  test  its  influence  under  the 
same  external  conditions. 

In  the  present  stage  of  the  investigation.  Professor  Leconte  thinks 
that  two  deductions  are  warranted  :  1.  That  solar  light  does  not  seem 
to  exercise  any  sensible  influence  on  the  process  of  combustion.  2.  That 
Tariation  in  the  density  of  the  air  does  exercise  a  very  decided  influence 
on  the  rapidity  of  the  process  :  the  rate  of  burning  increasing  with  every 
increment  of  density,  andt^e  versa;  but  the  exact  ratio  between  them 
remains  to  be  determined. 

Professor  H.  L.  Smith,  of  Kenyon  College,  described  an  Improvement 
m  the  Construction  of  Achromatic  Telescopes^  which  allows  them  to  be 
furnished  at  from  one-half  to  one-eighth  of  the  former  cost. 

Professor  Stephen  Alexander,  of  Princeton,  New  Jersey,  treated  of 
Some  Special  Relations  of  the  Straight  Line  and  the  VariotM  Orders  of 
Curves, 

Dr  J.  H,  Gibbon,  of  the  Mint  at  Philadelphia,  read  a  paper  upon 
the  Diverse  Weights  employed  in  Modem  Coinage,  treating  especially 
cf  Karat  Grain  Weights. 

CJolonel  G.  C.  Fobshat  of  Texas,  on  some  cf  the  Phenomena  of  the 
Texas  "  Northet^*  and  Climatology,    The  prevailing  sea-breeze  is  from 
the  south  during  the  entire  summer.    It  originates  only  a  few  miles 
from  the  coast,  but  extends  far  interior.     It  is  a  constant  mitigation  of 
fhe  extreme  summer  heats,  and  never  dies,  except  occasionally  from  6  to 
9  o'clock  A.1C.     The  trade-winds  never  reach  Texas,  as  they  originate 
at  20  to  23°  north  latitude ;  but  the  reflux  furnishes  from   above  all 
the  rain-producing  air  of  the  Mississippi  Valley.     It  flows  back  aboVe 
the  inward  bound  trades,  sinks  to  the  earth  north  of  them,  and  laden 
with  vapours  from  the  Gulf  of  Mexico,  travels  north-eastwardly  over 
Texas  and  the  Mississippi  Valley,  and  perhaps  the  Northern  and  North- 
eastern United  States.     A  high  stratum  lies  over  it,  whose  course  is 
rarely  disturbed,  and  is  always  marked  by  the  cirrus  clouds.     It  comes 
from  W.S.W.  to  S.W.     This  stratum  having  crossed  the  Cordilleras 
and  discharged  ifs  vapours  on  the  western  slope,  is  perfectly  dry,  and 
from  its  height  of  about  three  miles  must  be  colder  than  surface  air  by 
nearly  40°.    From  this  stratum  the  western  portion  of  Texas  and  all 
the  rainless  region  of  the  plains,  receive  their  supply,  and  hence  the 
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gm&nl  bftnenneM  in  that  qoarter  without  ixrigation.     This  airhuDa 
wmter  to  impart,  and  henoe  the  American  deserts. 

The  boandaxy  between  these  two  characters  of  climate  ewry  traveDcr 
leoogniies  at  once,  as  it  is  marked  by  the  growth  of  the  cactus,  ii  well 
as  bj  the  diyness  of  the  air  he  breathes.  It  lies  near  a  line  dnwn 
Borthwardlj,  tangent  to  the  western  fundus  of  the  Gulf  of  Mezieo,  ud 
San  Antonio  and  Austin,  lie  Tory  near  it.  Weetwardly  of  tfaii  li» 
cultiTation  of  the  great  staples  is  not  alwajs  practioable  except  by  iffi" 
gation. 

The  Norther  is  a  name  given  to  a  class  of  storms  oocaaionaUy  ooeaniBg 
in  summer,  but  generally  in  winter  or  early  spring.  They  usually  ooa- 
menoe  in  the  morning,  though  they  may  not  reach  the  observer's  ponlka 
till  late  in  the  day.  The  sky  suddenly  grows  black  in  the  north,  tlie  air 
is  still  and  sultry,  and  in  a  few  minutes  a  north  wind  strikes  od^ 
Generally  there  is  a  dash  of  rain,  and  afterwards  a  dry  wind  which  links 
the  thermometer  very  rapidly,  in  some  instances  1*^  per  minute  for  twenty 
minutes,  but  more  generally  20°  in  an  hour  or  two.  It  blowi  st  tbe 
rate  of  30  to  40  miles  per  hour,  and  lasts  24  to  30  hours.  It  is 
much  deprecated  by  the  inhabitants,  who  are  compelled  to  provide  winter 
dothing  as  much  as  for  a  latitude  10°  further  north.  Its  exceeding 
dryness  exaggerates  the  cooling  effect  experienced,  by  evaporating  all 
the  moisture  in  the  skin.  Everything  dries  at  onoe  under  its  infloeDce, 
books  warp  their  backs,  papers  curl,  furniture  cracks,  boards  split,  ud 
the  whole  surface  of  the  ground  yields  its  dust  to  fill  the  air. 

What  can  be  the  cause  of  this  sudden  and  long-continued  rush  of  air 
to  the  south  ?  How  are  its  sudden  coldness  and  extreme  dryness  to  be 
explained  ?  Suppose  the  whole  air  of  Texas,  or  the  region  of  the  Noither, 
covered  by  the  stratum  of  air,  derived  from  above,  by  the  refloz 
of  the  Trades ;  this  air,  having  a  temperature  of  about  70°  at  tbe  sooth, 
and  with  a  high  dew  point  and  nearly  at  rest,  would  be  overlaid 
by  a  stratum  of  air  two  or  three  miles  above,  some  30°  or  40°  oolder, 
and  almost  perfectly  dry.  Contrary  to  the  common  impression,  dry  sir 
is  heavier  than  moist  sir,  and  consequently  there  must  be  a  tendescj  of 
the  superstratum  to  descend,  and  return  to  feed  the  Trades,  no  longer 
supplied  from  the  warm  and  saturated  margins.  Suppose,  then,  a  plonge 
or  cataract  of  the  higher,  cold,  dry  air,  to  take  place,  and  to  disdiarg« 
itself  southwardly  upon  the  earth  and  sea.  After  the  jet  first  broke 
through  the  stratum  and  pushed  its  way  beneath  it,  the  current  woold 
enlarge  on  both  sides,  and  assume,  perhaps,  the  form  of  a  wedge,  widen* 
ing  and  sweeping  over  a  large  space. 

Tbe  current  firom  the  north  lifting  up  the  humid,  warm  air,  the  latter 
would  have  its  vapour  condensed,  and  a  sudden  shower  of  rain  would 
be  the  consequence,  and  in  some  instances  the  fall  through  the  cold  stra- 
tum of  air  would  freeze  the  rain  drops  into  sleet  or  snow.  This  conden- 
sation always  happens  south  of  the  original  plunge.  North  of  that  point, 
rain  and  mist  sometimes  occur,  but  the  Norther  often  sets  in  perfectlj 
dry  and  dear.  He  further  remarked  that  the  Northers  seemed  to  bare 
a  weekly  periodicity,— of  12  which  he  noted  last  winter,  11  returned 
on  Saturday  or  Sunday  or  both.  It  is  always  very  warm  just  before  the 
appearance  of  a  Norther. 

The  periodicity  of  storms  on  the  Atlantic  coast,  was  also  remarked  bj 
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teyeral  gentlemen.  Professor  Henrj  accounted  for  it,  bj  soppoeing 
that  a  given  storm,  required  about  a  certain  period  of  time  to  go 
through  its  various  stages,  and  reform  itself  for  repetition,— talcing, 
of  course,  about  the  same  amount  of  time  in  each  case  to  go  through  its 
seyeral  stages. 

Mr  £.  S.  Ritchie,  of  Boston,  on  an  improved  eonttrucHon  of  J7tiAm- 
hoTff*t  Induction  ApparatuB,  The  improvements  consist  in  making  the 
strata  of  the  wire  in  the  secondary  helix  perpendicular,  instead  of  parallel, 
with  the  axis ;  in  making  the  insulation  more  perfect,  and  obviatiog  in 
great  measure  the  danger  of  a  discharge  of  the  spark  from  one  stratum 
to  another  ;  in  substituting  for  De  la  Rive*8  interrupter  one  which  makes 
the  breaks  instantaneously  and  is  entirely  under  the  operator's  control. 
In  the  apparatus  e^ibited  by  Mr  Ritchie,  the  length  of  wire  is  60,000 
feet,  and  he  has  obtained  from  it  a  spark  of  10^  inches,  with  a  battery 
of  four  elements.  The  largest  spark  yet  obtained  in  Europe  has  been  4^ 
inches.  The  original  machine  is  the  result  of  the  researches  of  Faraday, 
Henry,  and  Fizian,  and  gives  a  current  of  high  intensity,  with  a  quantity 
immensely  greater  than  can  be  obtained  from  the  electrical  machine. 

Professor  D^  Olmsted,  of  Yale  College,  on  the  Electrical  Hypothuit 
of  the  Aurora  BorecUis,  It  is  his  opinion  that  the  aurora  is  cosmical  in 
in  its  nature,  or  derived  from  matter  connected  with  the  planets:  (1.) 
Because  of  its  great  extent,  often  extending  far  above  our  atmosphere; 
(2.)  The  same  phenomena  occurs  simultaneously  in  places  widely  different 
in  longitude ;  (3.)  From  the  velocity  of  its  motion ;  (4.)  From  its  periodicity, 
especially  its  secular  periodicity ;  which  he  regarded  as  well  established. 
He  thinks  it  may  have  a  revolution  round  the  sun,  and  is  perhaps  con- 
nected with  the  zodiacal  light.  He  thought  that  the  arguments  of  those 
who  ascribe  an  electrial  origin  to  the  phenomenon,  could  not  all  stand 
the  test  of  inquiry.  One  reason  for  disputing  them  is  found  in  the  fact 
that  the  aurora  prevails  in  those  latitudes  where  the  amount  of  electricity 
is  least. 

Professor  A.  D.  Bacbb  on  the  Heighte  of  the  Tides  of  the  Atla/ntic 
Coaet  of  the  United  States,  A  comparison  of  the  heights  of  the  tides 
along  the  coast,  leads  him  to  form  three  groups  of  figures  corresponding 
with  three  great  bays  on  the  coast,  the  tides  being  least  at  the  outermost 
extremities  of  the  bays  and  greatest  at  the  heads.  The  first  of  these 
bays,  which  he  calls  the  "  Southern,"  extends  from  Cape  Florida  (where 
the  tide  is  1*3  feet  in  height),  to  Cape  Hatteras  (2  feet),  with  Port 
Royal  (7  feet)  as  the  head.  The  second  extends  from  Cape  Hatteras  to 
Nantucket  (1*2  feet),  with  Sandy  Hook  (about  5  feet)  as  the  head.  The 
third  includes  Massachusetts  Bay  and  the  Bay  of  Fundy,  or  from  Nan- 
tucket to  Cape  Sable  (8  feet),  with  its  vertex  at  the  head  of  the  Bay  of 
Fundy  (36  feet). 

Professor  Stepheiv  Alexakdto  upon  the  Special  Harmonies  in  the 
Distances  and  Periods  of  tfte  Planets,  Too  perfect  a  symmetry  in  nature 
is  not  to  be  expected.  He  proposed  a  modification  of  Laplace's  nebular 
hypothesis,  by  supposing  the  centre  of  the  mass  to  radiate  heat  more 
rapidly  than  the  periphery,  so  that  the  Sun  separated  first,  then  Mercnryy 
then  Venus,  &c.  He  went  on  to  show  that  the  distances  and  periods  of 
the  planets  follow  certain  arithmetic  laws  of  geometrical  progression 
more  accurately  than  they  follow  Bode's  analogy  or  Pierce's  suggestion 


846  Proceedings  of  Soeietieg. 

«f  the  phyllotactio  leriet.  This  he  attempted  to  show  bj  a  CKefol  tnth- 
metical  oomparison  of  all  the  etatistios  of  the  actual  sjstems  of  the  Sun, 
Jupiter,  and  Satom,  with  the  arithmetical  results  of  his  hjpo^iesiB.  In 
addition  he  showed  that  his  hypothesis  led  at  onoe  to  Kirkwood's  Anilozy 
(presented  at  the  Cambridge  meeting  of  the  Association),  both  in  its 
general  truth  and  special  features.  The  Moon  and  the  Earth  also  bore 
testimony  with  peculiar  force  and  relation  to  the  truth  of  his  hjpotbesis. 
The  inclination  of  the  planets  to  their  orbits  in  its  general  law  and  its 
exceptions  flows  from  the  same  fertile  thought.  The  Zodiacal  light,  as 
obserTod  by  Mr  Jones,  is  also  explained  in  the  same  manner,  and  eren 
the  oosmical  origin  of  the  Aurora  BoreaUt  is  made  plausible  by  it  Pro- 
fessor Alexander  thought  that  at  all  events  the  number  of  nmoericai 
coincidences  here  brought  forward  made  it  probable  that  we  had  m  his 
theory  a  glimpse  of  the  plan  by  which  the  great  Dispoeer  of  all  thingi 
had  arrayed  the  worlds. 

Dr  J.  H.  Gibbon,  of  the  United  States  Mint,  read  the  third  of  bit 
historical  papers  on  the  Diverte  Weightt  employed  in  Modem  Coinagt. 
The  avoirdupois  ounce  and  pound  was  originally  used  in  Babylon,  a  citj 
of  merchants ;  thence  carried  to  Phoenicia  and  to  Spain,  whence  it  came 
to  England  and  America.     The  Hebrew  shekel  was  at  least  veiy  nearly 
half  an  ounce  avoirdupois,  and  it  seems  to  be  the  oldest  weight  known  in 
human  history.     According  to  tradition  it  weighed  320  grains  of  barlej. 
The  purchase  by  Abraham  of  the  cave  of  Machpelah  is  distinctly  stated 
to  be  a  cash  transaction,  to  be  settled  by  the  payment  of  a  certain  weight 
of  silver  of  a  certain  fineness  "  current  with  the  merchants."     The  sum 
paid  to  Joseph's  brethren  by  the  Egyptians,  in  payment  for  the  boy,  was 
twenty  of  silver ;  doubtless  twenty  avoirdupois  pounds.     Wherever  the 
precious  metals  are  mentioned  by  Hebrew  writers,  we  are  to  understand 
the  numbers  as  referring  to  avoirdupois  weights.    These  weights  came 
into  use  in  England  in  the  14th  century.     A  conventional  avoirdu|x:>ii 
ounce  was  adopted  by  the  United  States  from  Spain  as  the  value  of  our 
moneyed  unit.     The  word  dollar  and  the  word  coin  are  both  probably 
of  Greek  origin,  eidolon  and  eikon,  each  signifying  an  image  or  idol, 
and  the  first  coins  having  been  stamped  with  the  images  of  gods  or 
kings.     The  "  images"  which  Rachel  stole  from  her  father,  and  hid  in 
the  camel's  furniture,  were  probably  coins — not  of  Hebrew  coinage,  but 
of  neighbouring  uZo^atrous  nations.     The  law  requiring  a  hireling  to  be 
paid  at  sundown,  and  Jonah's  paying  his  fare  to  Tarshish,  indicate  the 
use  of  small  coins  among  the  Hebrews.     Our  arbitrary  unit  does  not 
agree  exactly  with  any  ancient  or  modem  weight.     The  ancient  Tyrian 
ounce  contained  438  grains  of  very  great  fineness ;  while  our  modern 
dollar  contains  only  384  grains  of  inferior  silver,  as  coined  in  halves. 
It  was  originally  416  grains.     The  half  shekel  of  the  Hebrew  was, 
therefore,  worth  63  cents  of  our  modem  American  money.     A  Troy  ounce 
is  480  grains,  taking  all  the  grains  the  same.     The  sterling — that  is, 
Easterling — ounce  was  still  different.     Thus,  all  our  modem  weights 
and  coinage  are  the  remains  and  vestiges  of  ancient  civilizations,  now 
lost.     In  ancient  times  coinage  was  common  in  every  colony  and  citj. 
The  ancient  laws  of  Deuteronomy  are  similar  to  those  Newton  sought  to 
establish  when  master  of  the  English  Mint,  and  declare  emphatically 
that  justice  and  accuracy  in  dealings  are  favourable  to  longevl^. 
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Professor  Stephen  Alexander,  of  Prmoeton  College,  gave  some  further 
statistics  and  inquiries  with  respect  to  the  Farms  and  Magnitudes  of  the 
Asteroids. 

Geobge  M.  Dexter,  Esq.  of  Boston,  read  a  paper  On  Weights  and 
Meaeures.  He  spoke  of  the  various  attempts  which  have  been  made  to 
establish  a  uniformity  of  weights  and  measures.  A  new  system  should 
embrace  not  only  uniformity,  but  also  a  standard  to  which  reference  may 
be  made  without  a  scientific  test,  which  shall  so  compare  with  the  present 
system  as  to  be  easily  learned ;  it  should  be  labour-saving  and  computed 
by  decimals.  He  reviewed  the  character  and  origin  of  the  measures  now 
in  use  in  this  country.  He  proposed  to  make  an  inch  (one  tenth  of 
our  present  foot)  the  standard  of  measure,  and  an  ounce,  derived  from 
the  inch,  the  standard  of  weight. 

Mr  Franklin  B.  Hough  of  Albany,  gave  a  Sketch  of  a  Plan  for  Re- 
ducing Ohaervations  upon  Periodical  Phenomena  to  a  Series  of  Mean 
Dates,  and  set  forth  the  advantages  of  this  method  for  developing  the 
laws  of  climate.  He  divides  the  State  in  which  observations  are  to  be 
made  into  sections  according  to  the  physical  condition  of  the  country, 
and  "  at  the  same  sime  preserving  county  lines  so  far  as  may  be."  The 
plan  will  give  a  knowledge  of  the  relative  forwardness  of  particular  sea- 
sons ;  the  comparative  climate  of  different  sections,  also  showing  what 
crops  are  adapted  to  each,  and  enabling  us  to  obtain  the  average  time  of 
the  flowering  of  plants,  or  the  breeding  of  birds,  and  thus  to  determine  the 
laws  of  their  species.  In  illustration  of  the  first  point,  he  read  a  table 
comparing  the  occurrence  of  similar  phenomena  in  the  various  districts 
of  New  York,  in  1842  and  1838,  showing  that  the  former  season  was 
earlier  than  the  latter,  by  an  average  of  18f  days. 

Dr  J.  H.  QiBsoN  read  his  Fourth  Essay  ;  on  the  Metrical  Syitem  of 
France,  and  its  adaptation  to  the  Commerce,  Coinage,  and  Science  of 
the  World,  beginning  with  a  sketch  of  the  ancient  coinage  and  the 
fluctuations  of  value,  and  gradual  debasement  of  pennies  until  they  be- 
came pure  copper.     The  great  variety  of  measures  and  weights  in  the 
difl^erent  provinces  of  France  almost  exceeded  enumeration.     The  diver- 
sities of  measures  in  Germany  were  equally  perplexing.  Dr  Gibbon  gave 
a  sketch  of  the  origin  of  measures  from  the  personal  diversions  of  kings 
and  princes,  or  even  barons  and  ladies.     He  then  reviewed  the  history  of 
attempts  to  find  a  perfect  measure  of  length  in  nature  (as  the  day  is  a 
perfect  measure   of  time).     The  system  of  France  is  the  only  scale 
thoroughly  scientific.     Our  American  coinage  is  not  even  consistent  with 
itself.     A  silver  dollar  contains  27  grains  more  than  two  half  dollars. 
An  agreement  between  mints  of  diflerent  countries  would  be  valuable 
in  furnishing  bullion  to  the  silversmiths,  and  thus  save  our  coinage  from 
destruction.     Ten  millions  per  annum  of  coins  are  melted  up  in  America. 
The  decimal  system  of  France  has  been  adopted  in  several  continental 
mints.     The  adoption  in  mints  would  lead  to  its  adoption  in  weights  and 
measures.     Weights  and  moneys  were  originally  equivalent,  and  both 
should  be  kept  rigidly  invariable  by  the  general  governments  of  the 
world.     In  introducing  the  French  weights  and  measures  in  Bavaria,  not 
the  slightest  compulsion  was  necessary.     By  simply  having  all  public 
business  done  with  the  new  weights,  the  people  were  drawn  into  them  by 
their  convenience. 
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wmter,  bj  the  bmjing  of  itlandt  of  vpload  in  the  lalt  manb,  and  bj  iti 
effect  upon  the  elBciency  of  mills  looated  in  tide  -water.  He  estioila 
that  this  fnbaidenee  of  the  coast,  amounts  to  two  feet  in  a  oentany. 

T.  SraamT  Huirr  read  a  paper  containing  Oeneral  ConsideralioM  m 
the  Metamorphiifn  of  the  Sedimentary  Rocht.    He  contended  that  a  drr 
heat,  producing  fusion  of  the  sediments,  cannot  be  admitted  to  expkm 
the  changes  which  they  hare  been  found  to  have  undergone,  from  tJ!s 
fact  that  such  %  temperature  is  incompatible   with  the  eziitence  of 
alkaline  silicates  and  graphite  in  the  limestone.     The  influence  of  bos 
water  alone  is  equally  inadmissible,  for  the  ailioa  being  disaolred  br 
water  before  it  could  act  upon  the  bases,  we  should  find  the  qnartzitfi 
rendered  vitreous  and  crystalline.    He  regards  the  changes  ss  hatiLg 
been  produced  by  the  action  of  small  amounts  of  carbonate  of  soda  ia 
aqueous  solution,  forming  with  the  quarts,  silicate  of  soda,  which  k  after- 
ward decomposed  by  the  carbonate  of  lime,  the  yielding  silieatea  of  thea 
bases  reproducing  the  alkali  soda.     A  portion  of  the  alkali  is,  howeTer, 
always  fixed,  and  rendered  insoluble  in  the  prooese,  so  that  with  i 
limited  portion  of  soda,  the  action  is  at  last  exhausted.     These  nactioiia, 
resulting  in  the  production  of  silicates  of  lime,  magnesia,  &c,  take  place 
OTon  at  212^  Fahr.,  and  the  intervention  of  alumina  gives  rise  to  gan^t, 
chlorite  and  epidote.     The  absence  of  iron  from  some  fdbpsthk  ud 
quartzoae  sediments,  and  its  accumulation  as  beds  of  iron  ore,  he  xegarii 
as  effected  by  the  agency  of  organic  matters,  which  reduce  the  iroii  to 
protoxide,  and  render  it  soluble  in  water,  which  afterward  depssite  itu 
oxide  or  carbonate.     The  same  process  produced  the  fire  clays  and  im* 
stones  of  the  coal  period,  and  is  now  operating  in  bogs  and  marsbet. 
In  this  way  we  have  beds  of  argillaceous  and  felspethic  materiala  freed 
from  iron. 

Mr  Berthold  Sxbxak  upon  tJie  PartJienogenens  of  AnimaU  a^^ 
Plants,  showed  that  cases  of  parthenogensis  occur  in  some  lover  orden 
of  animals,  and  is  quite  frequent  among  plants. 

Sir  William  £.  Logan,  of  Montreal,  read  a  letter  from  Sir  BoDSiici 
MuRcmsoN,  on  the  Place  in  the  Geological  Series,  of  the  Oreat  Crvitalr 
line  Rocks  in  the  North  Highlands  of  Scotland,  In  a  late  visit  thitber, 
Sir  Roderick  had  confirmed  his  previous  opinion  that  they  are  snteziiff 
to  the  Old  Red  Sandstone,  and  are  of  the  Lower  Silurian  age. 

Sir  William  Logan  on  the  Probable  Subdivision  of  the  Laurentia* 
Series  of  Canadian  Rocks,  The  Canadian  rocks  are  nmr  divided  into 
two  grand  divisions, — those  with  much  lime,  and  those  without.  Hii 
paper  was  intended  to  show,  from  observations  which  have  been  ira.^ 
upon  a  limestone  deposit  which  emerges  in  two  bands  at  Gienville,  L. 
€.,  and  which  he  has  traced  some  eighty  miles,  the  probability  that  th« 
first  grand  division  may  be  sub-divided,  and  that  the  Labradorite  nay 
be  found  to  extend  from  one  end  of  the  British  provinces  to  the  other, 
and,  with  the  rocks  associated  with  it,  may  be  marked  upon  the  mapi 
and  receive  some  new  appellation. 

Professor  Dana  exhibited  some  trilobites  collected  at  Eeeseville,  N.  V. 
These  are  very  small,  but  of  great  importance,  being  the  first  that  hare 
been  found  in  the  Potsdam  sandstone,  within  the  State  of  New  Yoii 
The  discovery  of  other  shells  with  them  seemed  to  prove  that  the  Pots- 
dam sandstone  had  an  extensive  fauna. 
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Professor  Hall  considered  tliese  trilobites  the  same,  generioally,  wiili 
those  of  Bohemia,  and  specifically  with  those  of  Scandinayia. 

Professor  Daniel  Wilson,  of  Toronto,  read  a  paper  on  the  9uppo$ed 
Uniformity  of  Cranial  Type  throughout  all  VarieHes  of  the  Ameriean 
Race.  In  common  with  other  investigators,  he  had  at  first  accepted  the 
theory  of  Dr  Morton  implicitly,  but  in  the  coarse  of  his  investigations, 
and  especially  in  an  examination  of  twenty-eight  skulls  of  Canadian 
aborigines,  he  had  been  led  to  place  less  confidence « in  Dr  Morton's 
generaliasation.  Dr  Morton  had  stated  that  there  is  a  recognizable  unir 
formity  of  type  among  all  the  ante-Columbian  inhabitants  of  this  conti- 
nent, with  the  Esquimaux.  Professor  Wilson,  however,  had  found 
several  skulls  near  Detroit,  which  approximated  to  the  elongated  Esqui- 

^  maux  type  ;  and  he  believed  that  the  distinction  between  the  Esquimaux 

and  the  other  former  inhabitants,  was  less  in  the  form  of  the  cranium 
than  in  the  configuration  of  the  face.   Several  other  gentlemen  expressed 

^  the  opinion  that  further  investigation  would  tend  to  weaken  rather  than 

(  confirm  the  opinions  of  Dr  Morton. 

Professor  Dawson  on  the  Newer  Pliocene  FosnU  of  the  8t  Lawrence 
Valley*  He  did  not  find  reason  to  think  there  was  any  very  great  dif- 
ference in  climate  between  their  time  and  the  present  They  were 
found  at  different  heights.  Here  on  Montreal  Island  there  was  a  de- 
posit of  them  about  470  feet  above  the  level  of  the  sea.  The  place 
where  they  are  found  seems  to  have  been  a  sea^beaoh,  formed  at  a  time 

I  when  a  strait  ran  between  the  two  elevations  of  Montreal  Mountain. 

Another  locality  of  them  has  been  discovered  by  Sir  William  Logan  at 

r  Beaufort,  where  they  are  but  about  400  feet  above  the  sea-level.  The  limits 

I  of  the  sea  at  these  times  must  have  been  very  different  from  the  present. 

I  If  the  levels  of  the  shores  were  the  same,  the  sea  on  whose  beach  the  bed 

first  spoken  of  was  deposited  must  have  extended  up  as  far  as  Niagara 

I  Falls  on  the  west.    On  the  north,  owing  to  the  greater  height  of  the  in- 

f  torvening  hills,  it  could  only  have  connected  with  the  Arctic  Sea  by  the 

eastward  as  at  present.  Then  we  have  these  shells  again  at  about  120 
feet  above  the  sea-level.  Here  we  have  beds  of  sand  resting  upon  beds 
of  stiff  clay,  on  the  surface  of  which  is  a  sandy  day  which  is  full  of  these 

\  shells,  and  this  sandy  clay  is  pretty  clearly  a  littoral  deposit,  but  could 

not  have  been  contemporaneous  with  the  shore  first  spoken  of,  from  the 
great  difference  of  level,  and  as  soon  as  we  g^t  into  the  stiff  clay,  we 

I  lose  almost  all  traces  of  these  shore  sheUs.    Hence  Professor  Dawson  in- 

ferred that  the  clay  was  deposited  in  deep  water,  probably  when  the  sea 
stood  at  the  level  of  the  first  bed,  and  was  then  elevated  so  as  to  receive 

I         the  latter  bed  of  shells,  thus  decreasing  the  extent  of  the  sea  from  the 
great  extent  which  it  had  at  first.* 

Dr  A.  A.  Gould,  of  Boston,  was  inclined  to  doubt  the  correctness  of 
Sir  Charles  Lyell's  theory,  that  the  fossil  shells  of  Beaufort  indicate  a 
much  colder  oHmate  than  now  exists.  ^ 

Mr  C.  Whittlbset  on  the  Fluctuaiione  of  Level  in  the  American 

*  The  Ameriean  Editor  of  this  Journal  has  shown  (see  Prooeedings  of  American 
Association  for  1849,)  that  the  newer  pliocene  fosnls  found  in  Montreal  Island,  at  an 
elevation  of  470  feet  above  the  tide  level,  were  not  originally  deposited  there,  but 
were  swept  thither  firom  a  much  lower  level  at  the  epoch  of  the  Setind  Z>ri/l.-H[Sdit.) 
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Lakes. — fie  had  bad  aooess  to  obieryations  on  the  stage  of  the  water  &t 
Clereland,  Buffalo,  Oswego,  Detroit,  Rochester,  and  the  Saolt  Ste.  M^ 
Tie  Canal.  From  these  he  found  three  kinds  of  fluctaaticms;  agesenl 
rise  and  faU  extending  through  long  periods,  but  without  regnlsritj ;  a 
general  fluctuAtion  occurring  within  each  year,  without  reference  to  the 
stage  of  the  water ;  and  an  irregular  oscillation  of  from  a  few  indies  to 
a  few  feet,  continuing  from  one  to  twenty-four  hours. 

The  general  rise  and  fall,  no  doubt  proceeds  from  the  changes  of  the  set- 
sons,  the  lakes  being  merely  the  reservoirs  of  the  drainage  of  large  areas. 
On  short  streams,  rains  produce  high  water  in  a  short  time,  bat  on  the 
Mississippi,  the  Orinoco,  the  Ganges,  &c.,  it  is  months  before  the  rise  ii 
perceiyed  in  the  lower  parts  of  the  river,  and  the  same  result  woold  be 
perceived  in  the  St  Lawrence,  the  outlet  of  all  the  lakes,  which  recelTes 
its  waters  fh>m  as  far  as  the  Mesabi  range  and  the  prairies  of  Wisconsin, 
especially  in  consequence  of  the  checks  which  the  water  meets  with  at 
the  various  lakes. 

As  to  the  changes  in  the  height  of  the  water  firom  one  year  to  another, 
the  average  in  Lake  Erie  from  the  highest  in  1838  to  the  lowest  in 
1819  is  about  seven  feet.  On  Lakes  Huron  and  Michigan,  there  are 
evidences  of  a  change  of  twelve  feet.  The  fluctuation  on  Lake  Saperor 
since  1845  has  been  about  three  feet.  In  Lake  Ontario^  £nom  1S3S  to 
1854,  the  greatest  range  was  four  feet  nine  inches.  The  yearly  changes 
are  not  more  than  a  foot  and  a-half.  The  highest  water  does  not  come 
at  the  same  time  of  the  year  in  all  the  lakes,  but  occurs  in  Lake  Superior 
in  September  or  October,  and  the  lowest  water  in  February  or  March ; 
while  in  Erie,  June  is  the  high  water  month,  the  low  water  months  being 
the  same,  and  nearly  the  same  with  Ontario.  They  are  lower  in  th« 
winter,  because  their  streams  bring  in  less  water  then.  The  late  climate 
of  Lake  Superior  tends  to  make  its  high  water  later,  though  low  water 
is  about  the  same.  The  thaw  on  Lake  Superior  comes  some  four  or 
nx  weeks  behind  that  of  Erie,  and  its  greater  size  and  smaller  streama 
require  more  time  to  fill  it  up. 

The  irregular  fluctuations  have  been  noticed  ever  since  the  times  of 
the  Jesuit  explorers.  They  have  been  attributed  to  sudden  atmospheric 
changes.  Mr  Whittlesey  had  noticed  none  of  more  than  two  feet  high 
in  stormy  weather,  and  a  foot  and  a-half  in  calm  weather,  dunng  ten 
years'  exploration  on  Lake  Superior,  and  two  years'  residence  at  Eagl^ 
River.  He  found  the  average  of  a  complete  oscillation  about  four  and 
a-half  minutes,  the  rertical  range  of  the  wave  being  about  four  inches, 
and  coming  in  a  line  parallel  to  the  shore.  The  pulsations  are  less  re- 
gular in  stormy  than  in  windy  weather  ;  but  they  occur  in  all  conditions 
of  the  atmosphere,  and  at  all  times  of  the  day.  They  are  not  confined 
to  the  great  lakes,  but  are  also  in  the  smaller  lakes  of  New  York,  and 
perhaps  might  be  found  in  the  ocean.  Mr  Whittlesey  found  no  connec- 
tion between  them  and  any  barometric  change,  but  was  inclined  to  look 
to  electro-magnetic  influences.  If  there  is  such  a  barometric  wave,  it 
would,  he  thought,  be  due  to  causes  seated  on  the  land. 

Mr  T.  Stekrt  Hunt,  of  Montreal,  on  the  ParalUlisni  between  the  Lau- 
rentian.and  Silurian  Metamorphic  Rocks,  He  traced  first  a  similarity 
between  the  felspathic  rocks  of  the  two  series ;  the  talcs  of  the  silori&n 
series  are  represented  by  the  Renfiellaerite  of  the  Laurentian. 
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A.  C.  Ram8at,  Esq.)  of  the  Geological  Survey  of  Great  Britain,  de- 
scribed the  physical  breaks  and  the  breaks  in  the  snoceaaioii  of  life  in  the 
British  rocks.  He  exhibited  a  chart  to  show  the  successive  fossiliferous 
strata  of  Great  Britain,  marked  with  the  number  of  genera  and  species 
of  fossils  found  in  each,  as  well  as  the  number  of  genera  and  species 
which  pass  from  one  series  to  the  next  above.  He  thought  that  the 
extinction  of  the  animal  and  vegetable  species  of  fossils  was  owing  to 
similar  physical  changes  to  those  which  are  constantly  working  at  pre- 
sent 

Dr  J.  H.  Gibbon,  of  the  U.  S.  Mint,  Charlotte,  N.  0.,  next  read  an 
essay  on  Troy  Weight,  giving  a  historical  sketch  of  the  weight  and 
coinage  of  earliest  nations,  the  origin  of  sterling  money  and  the  Troy 
weight  of  Ghreat  Britain,  and  of  the  present  use  of  the  latter  weight 
The  design  of  the  paper  was  to  show  the  advisability  of  moving  toward 
the  final  adoption  of  a  uniform  system  of  weights,  measures,  and  coins. 
The  U.  S.  Mints  introduced  several  changes  in  the  English  systems, 
but  while  some  of  these  changes  have  simplified  the  matter,  others  have 
not,  and  our  own  coinage,  measures,  and  weights  are  in  a  state  of  con- 
fusion. It  is  highly  desirable  that  a  uniform  system  should  be  devised 
and  made  common  at  least  to  the  coinage  of  Great  Britain,  her  depen- 
dencies, and  the  United  States. 

Mr  £.  W.  HiLOARD,  on  the  Quantiuuive  Auay  of  Chromiwn  hy  the 
Blowpipe,  The  object  of  quantitative  blowpipe  assays  is  mainly  a 
practical  one  ;  they  are  to  enable  the  explorer  in  the  field  to  determine 
not  only  the  kind  but  the  absolute  value  of  ores  on  the  spot,  so  as  to 
jpiide  him  in  further  investigations.  To  serve  this  purpose  the  process  of 
determination  must  be  both  short  and  capable  of  execution  by  means  of 
such  compendious  apparatus  as  that  composing  the  admirable  micro- 
laboratory,  Plattner's  blowpipe  chest.  The  processes  themselves,  as 
derised  by  Plattner,  are  mostly  conducted  in  the  dry  way  by  the  aid  of 
the  blowpipe.  The  metals  are  obtained  in  the  shape  of  beads,  easily 
cleansed  and  weighed,  thus  avoiding  the  tedious  operations  of  precipita- 
tion and  filtration,  so  often  recurring  in  the  usual  wet  way  of  analysis 
Processes  of  this  kind  have  been  described  by  Plattner  for  gold,  silver, 
lead,  copper,  tin,  bismuth,  cobalt,  and  nickel.  With  metals  difficultly 
fusible  and  reducible,  which  cannot  be  obtained  in  beads,  we  are  ob- 
liged to  resort  to  mixed  methods,  partially  employing  the  wet  way. 
Chromium  is  one  of  these  metals ;  it  has  now  become  of  considerable 
practical  importance,  yet  its  quantitative  determination  has  been  thus 
far  confined  to  the  laboratory.  The  first  step  is  the  fusion  of  the  ore  or 
substance  with  alkalies,  preferably  nitre,  by  which  chromium  is  so 
readily  separated  from  most  bases.  This  is  done  in  a  small  platinum 
crucible  over  the  spirit  lamp.  When  lead  or  analogous  metals  are  pre- 
sent, silica  must  be  added  to  the  •  flux,  to  prevent  an  inversion  of  the 
process,  when,  subsequently,  the  mass  is  dissolved  in  water.  This  solu- 
tion, when  filtered,  will  contain  most  of  the  acid  elements  present  in 
the  ore,  silica  and  manganic  acid  having  been  eliminated  by  nitrate  of 
ammonia  and  alcohol  respectively,  previous  to  filtration.  Were  the 
chromic  acid  to  be  precipitated  by  one  of  the  metallic  salts  usually  em- 
ployed, the  precipitate  would  be  contaminated  with  the  other  elements 
referred  to ;  besides,  such  a  precipitation  is  never  complete  until  after 
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terenl  hmm.  A  retdy  proeess  of  lepaxAtion  from  almost  all  the  acid 
•abttanoet,  if  in  the  eraporatimi  to  diTiieM  of  the  filtrate  with  an  ezoeM 
of  fQlphvric  aeid  and  bisalphate  of  potash,  and  sobseqiient  heating  mitil 
all  the  ehrominm  has  passed  into  the  insolnUe  modification  of  duoms 
alum.  After  this,  most  of  the  acid  elements  win  still  remain  solnbie  ia 
an  aoid  solntion,  while  the  doable  sulphate  of  chiomiom  and  potsdi 
maj  be  eolleoted  on  a  Alter ;  being  snbseqnentlj  ignited,  a  re»idne  le- 
midns,  ooBsisting  of  the  sulphate  of  potash  and  chromic  oxide  in  the  suae 
proportions  as  in  the  original  salt ;  being  weighed,  therefore,  the  amoimt 
ci  oxide  is  found  bj  a  simple  calculation. 

The  eraporation  is  carried  on  simultaneoinly  with  the  iint  filtrati^ 
in  a  little  eraporator  of  platinum  oovered  with  a  glass,  framed  so  ss 
to  allow  of  keeping  the  fluid  riolentlj  boiling  without  lose.  The 
powderf  precipitate  of  the  chromo-potassic  salt,  which  c3ogs  tiie  filter,  is 
inroWed  in  a  precipitate  of  ehlorosulphide  of  mercury  formed  in  tlie 
acid  solution,  and  is  washed  bj  a  solution  of  corrosiTe  sublimate.  Tee 
ignition  is  performed  in  a  Plattner's  chsrooal  furnace,  before  the  blov- 
pipe,  in  a  platinum  crucible.  When  all  precautions  are  obeerred*  resnits 
rarelj  varjing  one- tenth  per  cent,  may  be  arrived  at  in  the  space  of  one 
and  a  half  to  two  hours. 

Professor  A.  C.  Ramsat,  of  London,  read  a  paper  written  by  J.  W. 
Salter,  Fellow  of  the  Geological  Society  of  London,  in  which  he  describes 
a  newly  discoyered  genus  of  fossO  coral,  or  Polyzoa,  wliich  is  allied  to  the 
Oraptolites,  and  which  he  caUs  Oraptora. 

Professor  Hitcboock,  of  Amherst,  on  the  Age  cand  Dip  cf  ^he  Can- 
1^ecticut  River  Sandgtonee,  <»nd  the  interccUaticn  of  the  Associated  Trap. 
The  identification  of  fossil  foot*  prints,  especially  those  of  insects,  has  led 
him  to  conclude  that  the  middle  series  of  these  sandstones  is  of  the  Juras- 
sic period.  There  are  three  series— *the  underlying  heavy  sandstone;  a 
middle  series  of  shales  and  micaoeous  sandstones  above  the  trap  ;  and  a 
coarse  conglomerate  or  breccia  over  all.  The  trap  is  intercalated  between 
two  layers  of  sandstone,  of  which  the  dip  of  the  upper  is  less  than  that 
of  the  lower,  and  how  the  trap  can  oocur  in  such  a  position*  without 
breaks  or  £sults  in  the  sandstone,  is  a  remarkable  fact,  difficult  to  explain. 

Professor  Swallow,  Geologist  of  Missouri,  exhibited  a  Oeoi^>gical 
Map  of  that  State.  Below  the  carboniferous  rocks  they  had  used  the 
nomenclature  of  the  New  York  Survey — above  they  had  had  some  diffi- 
culty. The  state  is,  to  speak  genendly,  divided  by  a  narrow  line  of 
carboniferous  limestone  from  north-east  to  south-west.  To  the  north-west 
of  this  lie  the  coal  measures  ;  to  the  south-east  Lower  Silurian.  Scattered 
mountains  of  trap  lie  to  the  south-east  of  St  Louis ;  in  the  south-east 
comer  the  New  Madrid  district  of  alluvium  stretches  forty  nules  by  sixty, 
and  a  narrow  lane  of  alluvial  deposits  lies  along  the  line  of  the  Missouri 
and  Mississippi  Rivers.  The  coal  measures  are  1500  feet  thick,  with 
fVom  eight  to  ten  beds  of  workable  coal.  The  beds  of  limestone  in  the 
coal  measures  are  thick  and  nxmierous.  He  found  coal  aU  along  the 
Missouri  line,  and  he  thought  that  the  coal  measures  extended  westward 
a  hundred  miles  or  more  in  Kansas.  They  had  a  patch  of  a  hundred 
thousand  square  miles  of  coal-measures  in  Missouri,  Nebraska,  ''^•TfTag, 
IlUnois,  and  Iowa. 
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Dr  T.  0.  HxteABD  <m  the  Structure  of  the  Head  in  VertebreOa.  Oken 
has  eonndered  the  drall  as  consisting  of  four  modified  rertebrn ;  Cams 
as  oontisting  of  six.  Dr  Hilgard  shows,  by  a  oritieal  examination  and 
Comparison  of  the  sknlls  of  men  with  those  of  other  mammals,  and  also 
birds  and  fishes,  that  the  skull  consists  of  fiye  modified  yertebrsB,  thus 
bringing  it  into  one  of  the  phjUotactio  numbers.  An  embrjological  ex- 
amination of  the  development  of  the  brain  shows  also  in  that  organ  a 
phyllotactio  generation  in  position  as  well  as  in  the  number  fiye.  In  a 
second  part  of  the  same  paper  he  shows  that  the  embryonic  development 
of  the  whole  body  is  in  accordance  with  phyllotaetic  law,  both  in  number 
and  order  of  position.  Many  of  the  anatomical  facta  elicited  in  these 
inyestigatioDs  are  extremely  curious.  He  has  found,  fw  instance,  in 
the  heads  of  fishes,  bones  similar  in  form  to  the  wings  of  birds  and  the 
paws  of  rabbits ;  and  he  shows  that  this  resemblance  is  not  accidental, 
but  actual,  in  relation  to  the  vertebrsB. 
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On  the  Anatomy  and  Phytiology  of  the  Spongiadce.  By  J.  S.  Bowsbbank, 
F.R.S. — The  arrangement  of  the  Spongiada  by  Lamarck,  based  entirely 
on  external  form,  is  wholly  inadequate  for  the  discrimination  of  species. 
The  classification  adopted  by  Drs Fleming,  Grant,  and  Johnston, dependent 
more  especially  on  the  chemical  constituents  of  those  bodies,  is  far  too 
limited  to  be  applied  to  generic  characters.  The  author  has,  therefore, 
for  this  purpose  rejected  both  systems,  and  has  retained  the  latter  one  for 
forming  primary  divisions  only,  and  he  purposes  founding  the  generic 
characters  principally  on  the  organic  structure  and  mode  of  arrangement 
of  the  skeleton,  in  accordance  with  the  practice  so  generally  adopted  by 
naturalists  with  regard  to  many  of  the  higher  classes  of  animals.  Tetheay 
Oeodia^  Dysidea,  and  a  few  others,  are  the  only  well-defined  genera  that 
have  yert  been  established ;  while  others,  such  as  Halichondriaf  even  in 
the  narrow  circle  of  the  list  of  British  species,  contain  at  least  ten  distinct 
modes  of  arrangement  of  the  skeleton,  each  of  which  is  constant  and  well- 
defined  in  its  character. 

It  is  not  intended  to  propose  the  rejection  of  any  of  the  well-established 
genera  of  preceding  authorities,  but  to  confine  each  genus  strictly  within 
the  bounds  indicated  by  the  peculiar  mode  of  structure  of  the  skeleton 
which  exists  in  that  species  of  sponge  which  is  the  oldest-established  and  best- 
known-typo  of  the  genus,  and  to  refer  all  others  that  may  distinctly  difier 
from  that  type  to  new  genera  founded  on  structural  principles. 

It  is  proposed  to  characterize  the  elementary  tissues  in  the  following 
order : — 1.  Spicula.  2.  Keratode  or  horn^  substance.  3.  Membranous 
tissues.    4.  Fibrous  tissues.    5.  Cellular  tissues.     6.  Sarcode. 

And,  in  the  second  place,  to  treat  of  the  organization  and  physiology 
in  the  following  order : — 1.  The  skeleton.  2.  The  sarcadous  system.  3. 
The  interstitial  canals.  4.  The  intermarginal  cavities.  5.  The  dermal 
membrane.  6.  The  pores.  7.  The  oscula.  8.  Inhalation  and  exhala- 
tion. 9.  Nutrition.  10.  Cilia  and  ciliary  action.  11.  Reproduction, 
gemmules,  dec 

And  to  conclude  with  observations  on  the  generic  characters. 

22 
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The  author  then  proceeds  to  describe  the  Bpicola,  which  lie  states  are 
essentiallj  different  in  character  from  the  fibres  of  the  snonge ;  ahhongh 
the  latter  may  be  equally  siliceous  with  the  former.    HoweTer  ckselj 
the  spicula  may  be  brought  into  contract  with  each  other,  or  with  sili- 
ceous fibre,  they  appear  neyer  to  unite  or  anastomose ;  while  the  fibre, 
whether  siliceous  or  Keratose,  always  anastomoses  when  it  comes  in  contact 
with  other  parts  of  its  own  body  or  with  those  of  its  own  species.    Adetaikd 
description  is  giyen  of  the  origin  and  progressive  deyelopment  of  these  oi^ 
gans,  from  which  it  is  infoied  that  they  are  the  homolognes  of  the  bones  in 
the  higher  classes  of  animals,  and  that  the  forms  they  assume  are  always  of 
an  organic  type,  never  crystalline  or  angular ;  and  the  same  fsxaom  of 
spicula  are  found  composed  of  either  silex  or  carbonate  of  lime,  demon- 
strating the  fact  that  the  deposits  of  earthy  matter  are  influeooed  by  the 
laws  of  animal  organization  only,  and  never  by  those  of  inorganic  or  crys- 
stalline  arrangement. 

Each  species  of  sponge  has,  not  one  form  of  spicolum  only,  eqpaSLj 
dispersed  throughout  its  whole  substance,  but,  on  the  contrary,  separate 
parts  have  their  appropriate  forms  ;  and  thus  we  find  that  there  are  oiWn 
three,  four,  or  even  more  forms  of  spicula  in  the  same  individnaL  The 
author  therefore,  in  describing  them,  proposes  to  treat  of  these  orgaas  in 
the  following  order : — 1.  Spicula  of  the  skeleton.  %  Connecting  spieola. 
3.  Defensive  spicula.  4.  Spicula  of  the  membranes.  5.  Spicula  of  tiie 
sazcode.    6.  Spicula  of  the  gemmules. 

1.  The  spicula  of  the  skeleton  in  the  siliceous  sponges  are  usually  sim- 
ple, elongate  in  form,  slightly  curved,  and  are  occasionally  more  or  l^s 
furnished  with  spines.  They  are  either  irregularly  matted  together,  col- 
lected in  fascicuh,  or  dispersea  within  or  upon  the  keratoee  fibres  of  whidi 
the  skeleton  is  to  a  great  extent  composed.  All  these  elongate  forms  of 
spicula  are  subject  to  extreme  variety  of  length.  In  some  species  they 
maintain  a  great  degree  of  uniformity,  while  in  others  they  vary  to  a 
very  considerable  extent,  according  to  the  necessities  arising  mun  the 
mode  of  the  construction  of  the  skeleton. 

2.  The  connecting  spicula  are  not  necessarily  a  part  of  the  skeletcHi ; 
they  are  a  subsidiary  portion  of  it  under  especial  circumstances,  in  a  few 
genera  only,  as  Oeodia,  Pachymatisma,  and  other  sponges  which  have  a 
thick  crustaceous  surface,  which  the  spicula  serve  to  support  and  retain  in 
due  connection  with  the  mass  of  the  animal  beneath.  The  normal  form 
of  these  spicula  is  very  dijQTerent  from  that  of  the  general  mass  of  those 
of  the  skeleton,  and  they  are  much  more  complex  and  varied  in  their 
structure.  They  usually  have  a  long,  stout,  cylindrical  or  attenuating 
shaft  terminating  either  acutely  or  hemispherically  at  the  base,  while  the 
apex  is  divided  into  three  equiangular  radii,  which  assume  in  different 
species  a  considerable  amount  of  variety  as  regards  form  and  direction. 
The  triradiate  apices  are  usually  cemented  firmly  to  the  inner  surface  of  the 
crustular  coat  of  the  sponge  ;  while  the  stout  and  elongated  shaft  is  in- 
termingled with,  and  firmly  cemented  by  keratode  to  the  general  mass 
of  the  skeleton. 

3.  The  defensive  spicula  are  divisible  into  two  classes  :  those  of  the 
exterior,  and  those  of  the  interior  of  the  sponge.  They  are  neither  of 
them  necessarily  present  in  every  species,  nor  are  they  confined  to  par- 
ticular genera,  but  occur  occasionally,  and  in  certain  species  of  various 
genera,  apparently  as  the  necessities  of  the  animal  may  render  their  pre- 
sence requisite.  Their  ofiSce  is  evidently  to  defend  the  sponge  from  the 
attacks  of  predacious  animals.  They  are  projected  for  about  half  or  two- 
thirds  of  tneir  length  at  various  angles  from  the  surface  of  the  sponge,  or 
they  are  based  on  the  fibre  of  the  skeleton,  and  are  projected  at  about 
right  angles  into  its  interstitial  cavities. 
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4.  Tlie  spicula  of  the  membranes  are  of  two  distinct  classes.  The  office 
of  the  first  of  these  isto  strengthen  and  support  those  delicate  tissaes,  and  to 
communicate  to  them  a  certain  amount  of  tension.  The  forms  are  few 
in  number,  and  their  strnctore  oomparatiyely  simple.  The  office  of  the 
second  class  is  that  of  assisting  in  the  retention  of  the  sarcode  on  the  in- 
terstitial and  other  structures.  They  are  usually  minute  in  size,  and 
often  Yeiy  complicated  in  form. 

5.  Spicula  of  the  sarcode.  The  numerous  and  beautiful  tribe  of  stel- 
late spicula  appear  to  be  devoted  to  connect  and  give  substance  to  the  gelati- 
noid  sarcode  which  so  abundantly  coyers  the  whole  of  the  interior  membra- 
nous structures  of  the  sponges  in  which  they  occur.  They  are  often  exceed- 
ingly minute^  and  are  occasionally  remarkably  complex  and  beautiful  in 
structure,  and  we  frequently  find  more  than  one  form  imbedded  in  the 
sarcode  of  the  same  sponge. 

6.  The  spicula  appropriated  to  the  gemmules  of  spongpes  occur  in  ya- 
rious  modes  of  disposition.  First,  they  are  imbedd^  irregularly  in  an 
external  envelope  of  the  gemmule,  or  on  the  surface  of  the  gemmule  it- 
self at  right  angles  to  lines  radiating  from  its  centre.  Secondly,  they  are 
arranged  symmetrically  in  the  crust  of  the  gemmule  parallel  to  lines  ra- 
diating from  its  centre.  Thirdly,  they  are  disposed  in  fasciculi  in  the 
substance  of  the  gemmule  firom  tiie  centre  to  the  circumference.— {Pro- 
eeedings  Royal  Society,) 

Researches  on  the  IntimcUe  Structure  of  the  Brain,  Human  and  Com' 
poraf »o«.—<Part.  I.  The  Medulla  Oblongata,  By  J.  Logkhakt  Olaake, 
Esq.,  F.R.S. — ^The  medulla  oblongata,  as  described  in  this  memoir,  ex- 
tends from  the  first  cervical  nerve  to  the  lower  border  of  the  Pons  Varolii. 
Of  its  elementary  parts,  the  author  first  traces  the  arc^ormjibree,  which 
may  be  divided  mto  a  superficial  and  a  deep  layer.  Ijiose  of  the  super- 
ficial layer  may  in  turn  be  divided  into  tliree  sets.  The  connections  of 
these  are  first  followed  out  in  detail;  the  fibres  of  the  deep  layer  are  de- 
scribed further  on.  In  all  mammalia  these  fibres  are  very  distinct,,  but 
less  intricate  than  in  man.  They  may  be  found  also  in  birds,  reptiles, 
and  fishes. 

The  anterior  pyramids  are  found  to  bQ  composed  of  four  orders  of 
fibres : — 

1.  Decussaiing  fibres  from  the  lateral  columns^  forming  their  chief 
bulk. 

2.  Decussating  fibres  firom  the  posterior  columns  and  posterior  grey 
substance,  chiefly  at  the  upper  part. 

3.  Decussating  fibres  from  the  anterior  gray  substance, 

4.  iyTon-decussating  fibres  of  the  anterior  columns,  separate  on  their 
outer  side,  and  on  their  inner  side  incorporated  with  those  which  form  tiie 
decussation. 

In  mammalia  generally  the  decussating  fibres  are  much  less  numerous 
than  in  man.    In  birds  there  is  an  evident  but  feeble  decussation. 

Of  the  corpora  olivaria  it  is  remarked,  that  they  are  to  be  found  not 
only  in  all  mammalia,  but  also  to  a  certain  extent  in  birds.  In  man,  the 
surface  of  each  olivary  body  consists  of  two  layers  of  fibres — transverse 
and  longitudinal ;  the  former  in  part  belong  to  the  arciform  system, — ^the 
latter  are  continuous  with  the  antero-lateral  column.  A  broad  transverse 
commissure  unites  the  two  bodies.  The  corpus  dentatum  is  a  convoluted 
vesicular  sac,  consisting  of  nucleating  cells  of  small  and  rather  unifonh 
size,  from  y^vth  to  TAvth  of  an  inch  in  diameter,  but  varying  in  shape, 
and  many  of  them  sending  out  processes, — some  one,  others  two,  three,  or 
more.  The  connection  of  the  fibres  with  the  convolutions  of  the  sac  is 
extremely  complicated,  and  not  to  be  made  intelligible  without  the  aid  of 
diagrams.    It  may  be  stated,  however,  that  the  fibres  which  are  confined 
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to  the  cayiif  of  the  sm,  with  flomo  othert,  take  their  origiB  from  the 
oella. 

In  mammalie  generally  the  olivary  bodiee  ave  nearly  ooneealed  behind 
the  paramids,  and  yary  in  their  appearance  at  the  aarfkoe  in  different 
animals.  The  vesicular  sac,  or  corpus  derUatum,  is  thrown  into  only  a 
few  comparatively  large  convolutions.  On  the  outer  aide  of  each  olivary 
body,  and  separated  from  it  by  a  groove  which  lodges  the  hypc^osial 
nerve,  is  another  vesicular  column,  not  hitherto  described  by  anatomiffts, 
and  of  which  the  analogue  is  found  in  the  human  medalla. 

As  the  fibres  of  the  lateral  columns  cross  over  to  the  anterior  pyramids, 
the  posterior  comua  sink  as  it  were  forwards,  while  their  tenninal  taits 
*^^he  gelatinous  substance,  gradually  increasing  in  bulk,  reach  the  sar- 
Auce,  and  form  the  grey  tubercles  of  Rolando.  At  the  same  time,  and 
close  to  the  posterior  median  fissure,  the  gray  substance  ia  raised  into  a 
small  conical  projection,  from  which  a  network  of  blood-Teasels  and  fibres 
extends  backwards  into  the  posterior  pyramid.  Within  the  projedioB, 
and  amongst  the  network,  cells  are  developed,  which  are  eircolar,  pyri- 
form,  or  irregular  in  shape,  and  give  off  one  process  or  severaL  Further 
outwards,  another,  but  larger  projection*  and  another  network,  extend 
backwards  into  the  restiform  body,  containing  cells  of  the  same  character, 
but  of  superior  size.  These  additional  productionB  may  be  called  respec- 
tively the  post-pyramidal  and  restiform  ganglia. 

As  the  medulla  ascends,  the  root  of  the  posterior  comi*  and  the  vhoU 
of  the  anterior  cornu  are  gradually  resolved  or  spread  out  into  a  beautiful 
and  complicated  network,  containing  a  multitude  of  variously-shaped 
cells,  which  communicate  and  surround  with  their  processes  the  longitu- 
dinal bundles  of  the  white  columns  enclosed  in  the  meshes.  The  post- 
pyramidal  and  restiform  ganglia  continue  to  increase  in  size,  as  do  also 
the  terminal  tufts  of  the  posterior  comua,  which,  like  the  former,  are 
traversed  by  an  extension  of  the  network,  and  interspersed  with  oells. 
At  the  lower  extremity  of  the  olivary  bodies,  the  decussation  of  the  an- 
terior pyramids,  although  still  considerable,  is  very  much  reduced ;  for 
while  its  fibres  derived  from  the  lateral  columns  have  been  graduallj  de- 
creasing in  number,  those  which  proceed  from  the  posterior  oolumna  and 
posterior  gray  substance  have  been  increasing,  though  not  in  the  same 
proportion.  These  latter  fibres  may  be  traced  backwards  from  the  de- 
cussation chiefly  to  the  restiform  body  and  its  ganglion,  in  which  they 
wander  in  various  directions,  crossing  each  other,  and  becoming  longi- 
tudinal. 

In  front,  and  at  the  side  of  the  central  canal,  a  new  group  or  column 
of  cells  begins  to  make  its  appearance, — the  nucleus  of  the  hypogloasal 
nerve ;  and  behind  and  on  each  side  of  the  canal  appears  the  nudeua  of 
the  spinal-accessory  nerve,  which  is  connected  with  its  fellow  of  the 
opposite  side,  at  the  bottom  of  the  posterior  fissure,  by  a  transverse  band 
of  fibres, — ^the  continuation  of  the  posterior  commissure  of  the  medulla 
spinalis.  Of  the  spinal-accessory  nerve,  some  of  the  upper  roots  proceed 
to  their  own  nucleus,  while  others  bend  forwards  into  the  hypoglossal 
nucleus,  and  in  part  join  its  fibres,  to  decussate  through  the  raphe  with 
those  of  the  opposite  nerve.  The  vagus  nerve  arises  from  a  continuation 
of  the  spinal-accessory  nucleus,  and,  on  its  way  outwards,  passes  through 
the  terminal  tufts  of  the  posterior  cornu,  or  the  so-called  gelatinous  swh- 
stat^e.  The  vagal  and  spinal  accessory  vesicular  nuclei  or  columns,  after 
appearing  in  the  fourth  ventricle,  and  diverging  so  aa  to  expose  the 
hypoglossal  nucleus,  sink  abruptly  beneath  a  new  mass  of  vesicular  aub- 
stance  which  makes  its  appearance  on  each  side  of  the  yentride.  This  ia 
the  auditory  ganglion.  It  commences  by  a  point  on  the  outer  side  of  the 
vagal  nucleus,  with  which  it  is  intimately  connected,  and  is  developed 
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from  the  inner  part  of  the  post-pjn^amidal  ganglion.  Ita  eells  are  yarions 
in  shape,  and  as  they  are  developed  from  the  inner  part  of  the  posterior 
pyramid,  the  outer  side  of  the  latter  undergoes  a  remarkable  change  of 
structure,  and  becomes  the  chief  origin  of  the  anterior  division  of  the 
auditory  nerve,  which  in  its  course  outwards  runs  between  the  restiform 
body  and  the  gelatinous  substance  or  posterior  comu.  The  posterior 
division  of  the  nerve  winds  transversely  inwards  over  the  restiform  body 
to  reach  the  auditory  ganglion. 

Intimately  connected  with  the  auditory  nerves  and  ganglia  is  the  struc- 
ture which >  in  animals,  is  called  the  trapezium,  and  which  the  author 
has  found  to  inclose  a  remarkable  vesicular  sac  resembling  that  of  the 
olivary  bodies.  The  analogue  of  the  trapezium  exists  in  the  human 
medulla. 

The  facial  nerve,  or  portio  dura  of  the  seventh,  after  passing  through 
the  trapezium,  proceeds  transversely  inwards  to  the  fa,sciculus  teres,  which 
contains  a  mass  or  column  of  stellate  ceUs,  and  through  which  it  spreads, 
exchanging  fibres  or  forming  loops  with  the  sixth  or  ahducens  nerve, 
which  arises  from  the  same  nudeus.  The  glossopharyngeal  nerve  has 
more  than  one  origin.  It  passes  out  in  several  bundles  through  the 
gelatinous  substance  or  posterior  comu,  in  which  it  forms  a  plexus  with 
K>ngitudinal  fasciculi  of  fibres  which  maj  be  traced  upwards  to  the  larger 
root  of  the  fiilh  nerve. 

The  connecting  fibres  between  the  anterior  and  posterior  portions  of 
the  medulla  are  very  numerous  and  complicated.  For  convenience  of 
description,  they  may  be  divided  into  two  parts, — superficial  and  deep. 
The  superficial  are  the  superior  layers  of  the  arciform  system,  and  arise 
from  the  restiform  body  and  its  ganglion  ;  the  deep  fibres,  more  or  less 
blended  with  the  first,  arise  from  the  remains  of  the  post-pyramidal  and 
the  restiform  ganglia.     Together  they  form  a  compIicatCKi  network,  or 

Elexus,  interspers^  with  innumerable  and  variously  shaped  cells,  which 
requently  communicate  around  the  longitudinal  bundles  of  the  lateral 
columns,  through  which  and  the  olivary  body  the  fibres  of  the  plexus 
proceed  forwaHs  and  inwards  to  the  raph^,  where  they  decussate  with 
those  of  the  opposite  side,  and  become  continuous  with  the  arciform  fibres 
which  were  traced  to  the  raphe  round  the  anterior  pyramids  as  the  super- 
ficial set.  The  raph^,  therefore,  is  the  seat  of  a  very  complicated  decussa- 
tion between  the  posterior  halves  of  the  medulla,  on  the  one  hand ;  and 
on  the  other,  between  each  of  these  and  the  olivaiy  body  of  the  opposite 
side. — {Proceedings  of  the  Royal  Society.) 

On  the  Anaiovm  of  Tridacna.  By  John  Denis  Macdonald,  Assistant- 
Surgeon,  R.N. — The  author  first  explains  the  peculiar  position  which  the 
animal  of  Tridacna  occupies  in  its  shell,  in  which  it  diners  from  bivalves 
in  general.  He  then  describes  the  mantle  and  its  borders,  the  membran- 
ous interpallial  septum,  the  respiratory  and  wide  pedal  openings  com- 
municating with  the  interpallial  space,  the  two  pairs  of  branchise,  the 
mouth  with  the  anterior  and  posterior  lip  and  the  four  oral  palps,  the 
foot,  the  extensive  cloacal  cavity  with  its  subdivisions,  and  the  circular 
contractile  cloacal  orifice  opening  on  the  dorsal  surface.  He  next  giyes 
an  account  of  the  form  and  arrangement  of  the  alimentary  canal,  and  its 
relations  to  the  liver  and  large  ovary ;  and  describes  a  large  viscus 
situated  in  the  space  between  the  ovary,  the  adductor  muscle,  the  base  of 
the  foot  and  the  pericardium,  divided  into  a  central  and  two  lateral 
portions,  and  secreting  a  dark  brown  liquid  loaded  with  fatty  matter. 
This  body  he  tiiinks  may  be  connected  with  the  secretion  of  the  byssus, 
but,  at  the  same  time,  remarks  that  it  may  be  homologous  with  the  oi^an 
of  Bojanus.  Lastly,  the  anatomy  of  the  heart  and  great  arteries  is 
given,  and  is  in  substance  as  follows. 
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On  cutting  through  the  floor  of  the  cloaca,  the  pericardimn  ie  hud  open, 
and  in  it  1b  seen  the  large,  rather  square-shaped  yentride,  with  a  capa- 
cious hut  thin- walled  auricle  opening  into  it  on  either  side,  thxt>D^  an 
orifice  guarded  by  semilunar  valves.     From  the  thick-walled  ventrule.  a 
short  tube  conducts  into  a  conical  dilatation  or  bulbut  arteriosus,  vhh 
muscular  walls  having  its  base  included  in  the  pericardium,  and  giving 
rise  near  its  narrow  end  to  the  anterior  and  ^Kisterior  pallial  arteri^ ; 
whilst  a  visceral  artery  passes  from  the  ventricle  to  the  ovary  and  ad- 
jacent parts.     As  in  other  bivalves,  the  intestine,  before  its  terminatimi, 
passes  through  the  heart :  in  coming  through  the  pericardium,  surrounded 
by  the  membrane,  it  forms  a  short  round  pedicle  which  joins  the  fore 
part  of  the  ventric'ie ;  it  is  then  continued  through  the  ventricle  and  boU 
bus  arteriosus,  and  finally  opens  into  the  cloaca.     The  blood  from  the 
ventricle  flows  between  the  outer  surface  of  the  intestine  and  the  inside 
of  the  sanguiferous  channel ;  and  that  part  of  the  intestine  which  tr&- 
verses  the  bulbus  arteriosus  is  closely  surrounded  with  elongated  mem- 
branous valvule,  which  arLse  from  the  anterior  part  of  the  chamber  where 
the  gut  enters,  and  are  fixed  by  a  number  of  cordss  tendinese  to  the  pos- 
terior wall,  where  it  makes  its  exit;  a  contrivance  which  permits  the 
blood  to  pass  between  the  rectum  and  the  little  valves,  but  prevents  its 
reflux. — {liroceedings  of  Royal  Society  of  London.)  . 

Fauna  der  Wirbelthicne  Deuchlands  und  der  a/ngrenzenden  Laander 
von  MitUleuropa,  Erster  Band.  Naturgeschichte  der  Sangethiere.  Vun 
J.  H.  Blasivs.  8vo.  1857. — The  first  volume  of  the  above  work  con- 
taining the  Mammalia,  has  just  been  published;  it  is  an  excellent 
Manual.  The  text,  German,  illustrated  b^  numerous,  well  executed  wood- 
cuts, representing  some  of  the  smaller  animals,  but  chiefly  devoted  to  the 
skull  and  dentitions,  and  other  details,  such  as  the  head  and  ears  of  the 
bats,  &:c.  These  are  nearly  all  slightly  enlarged,  and  give  a  very  distinct 
idea  of  what  are  considered  the  specific  distinctions.  The  second  volume. 
said  to  be  in  the  press,  will  be  devoted  to  the  birds  ;  the  third  and  last, 
to  the  reptiles  and  fishes. 

Einhuvd^rt  Tafeln  colorirter  Ahildvngen  von  Vogeleiren.  Zir 
Fortpflanzungsgeschiclite  der  Gesammten  Yogel.  Von  Fbiedbich  August 
LuDwio  TuiENKMAKN.  (4to  Completed).  1856. — This  is  the  most  ex- 
tensive series  of  coloured  figures  of  the  eggs  of  birds  that  has  yet  been 
published.  It  is  now  completed  as  a  first  series,  and  contains  good 
coloured  representations  of  the  eggs  of  nine  hundred  species. 

Dieparasiten  der  Chirojjtem,  Von  Prof.  Dr  E.  A.  Kolemati.  Dresden. 
8vo,  plates.  1857. — Descriptions  of  69  species  of  internal  and  external 
parasites  found  on  the  Cbieroptera. 

BOTANT. 

Vegetable  Parthen^Kfenesis, — The  production  of  perfect  germinating 
seeds  in  plants  without  the  contact  of  pollen  was  noticed  long  ago  by 
various  vegetable  physiologists,  but  the  occurrence  of  this  vegetable  par- 
thenogenesis was  considered  doubtfid  by  subsequent  authors,  and  the 
statements  were  attributed  to  imperfect  observations.  Of  late,  however, 
these  statements  of  old  authors  have  been  confirmed  by  very  careful  ex- 
amination of  plants  of  Cosltbogyne,  Cannabis,  and  Mercurialis ;  and  Dr 
Kadlkofer  has  recently  published  a  paper,  in  which  he  states,  from  very 
accurate  experiments  and  dissections,  that  he  is  satisfied  that  true  par- 
theno^nesis  does  take  place  in  plants.  To  Mr  Smith  at  Kew  the 
botanical  world  is  indebted  for  the  first  observation  on  the  plants  of 
Ocelebogyne,  and  these  plants  have  been  made  the  subject  of  experiment 
bv  Radlkofer. 

• 

Economical  Use  of  Oak  and  other  hinds  of  Timber. — M.  Kreuter,  in 
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reporting  on  the  timber  shown  at  the  late  Paris  exhibition,  states,  that 
France  requires  annually  for  the  Imperial  navj  l,12u,000  cubic  feet  of 
oak  timber,  and  for  the  commercial  navy  1,400,000  cubic  feet.  Britain 
requires  five  times  as  much,  and  America  still  more.  There  was  at  the 
Exhibition  the  model  of  a  ship  at  present  being  built  in  Britain  under 
the  direction  of  M.  Brunei,  and  intended  for  the  Australian  trade,  which 
requires  644,000  cubic  feet  of  solid  timber  for  its  construction.  The 
timber  consumed  for  railway  sleepers  is  now  enormous.  A  sleeper  mea- 
sures 3  cubic  feet,  and  one  mile  of  single  rails  requires  about  8000  sleepers, 
which  last  on  an  average  five  years.  Hence  1 600  of  these  sleepers  require 
changing  annually.     For  100  miles  this  will  amount  to  160,000. 

Turmeric. — M.  Milne,  botanist  to  the  United  States  Herald,  and  for- 
merly of  the  Botanic  Garden,  Edinburgh,  in  giving  an  account  of  an  ex- 
cursion into  the  interior  of  Naviti  Levue,  &e  principal  of  the  Feejee 
Islands,  writes  as  follows  : — ^^  In  passing  along,  we  came  to  a  place  where 
we  found  several  women  manufiusturing  turmeric  (from  the  rhizome  of  a 
species  of  Curcuma)^  and  upon  the  sides  of  the  river  were  large  quantities 
of  refuse.  In  a  small  house  close  to  the  water  there  were  two  pits,  18 
inches  deep,  lined  with  Bavaria  leaves,  and  made  water-tight;  also  a 
number  of  posts  set  into  the  ground,  having  rough  bark,  to  be  used  as 
graters.  When  a  quantity  of  the  rhizome  is  grated,  it  is  committed  to 
the  pits,  where  it  remains  for  some  time,  and  is  afterwards  carried  to  a 
canoe,  then  strained  through  a  close-worked  basket  lined  with  fern  leaves, 
and  then  put  into  short  bamboos,  where  it  remains  for  four  nights  and 
four  days.  It  is  then  fit  for  use,  and  proves  one  of  the  principal  articles 
of  food,  being  made  into  puddings,  mixed  with  grated  sugar-cane.  It  is 
used  also  for  covering  children  f^r  birth,  and  for  painting  the  bodies  of 
women  previous  to  strangulation. — (Hooker^ 8  Kew  Journal.) 

Mode  of  Drying  Succulent  Plants. — M.  Motley,  in  writing  £rom 
Borneo,  states,  that  he  believes  he  has  hit  on  the  right  way  of  drying  suc- 
culent plants,  and  such  as  are  apt  to  come  to  pieces.  He  had  previously 
tried  hot  water,  but  that  made  the  specimens  mould ;  then  a  hot  iron,  but 
that  was  tedious,  and  it  spoiled  the  fiower ;  pricking  the  leaves  with  a 
penknife  or  fork  was  of  use,  but  the  specimens  looked  unsightly  after  it ; 
and  chloride  of  calcium  was  too  troublesome.  He  now  puts  the  plants 
into  a  large  bottle  of  weak  spirit  for  one  night.  This  kills  them,  and  an 
endosmose  goes  on  in  the  tissues,  which  breaks  them  up,  and  makes  them 
dry  as  quickly  as  other  plants. — {Hooker's  Kew  Journal.) 

Pteris  aquilina,  as  an  Esculent  Vegetable. — ^The  rhizome  of  this  plant 
is  used  in  the  north  of  Europe  to  form  a  coarse  kind  of  bread,  in  the  same 
way  as  Pteris  esculenta^  a  variety  of  it,  is  used  in  New  Zealand.  The 
rhizome  is  washed  and  peeled,  scraped  and  formed  into  a  pulp,  all  the 
slime  being  washed  away.  The  pulp  thus  procured  forms  palatable 
bread.  The  very  young  fronds,  completely  blanched,  may  be  used  as  a 
vegetable  like  asparagus. 

Colouring  Matter  on  Fronds  of  certain  Ferns. — ^M.  Prillieux  has  exa- 
mined the  colouring  matter  on  the  fronds  of  certain  ferns  belonging  to 
the  genus  Chfrnnogramma.  Some  of  these  ferns  have  the  under  surface 
of  their  fronds  of  a  pure  white,  while  others  are  of  a  sulphur  yellow.  The 
colour  is  produced  by  a  matter  deposited  on  the  surface  of  the  frond.  This 
matter  ia  easily  removed  by  the  fingers,  and  is  of  a  fatty  nature.  When 
held  on  paper  it  stains  it  like  grease.  It  is  dissolved  in  alcohol,  oil  of 
turpentine,  and  in  oil.  The  alcoholic  solution  on  evaporation  yields  a 
crystalline  matter,  which  has  not  been  examined  chemically  as  yet.  On 
examining  the  colouring  matter  with  the  microscope,  it  was  found  to  con- 
sist of  a  mass  of  interlaced  filaments.    These  filamentous  bodies  are  pro- 
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dooed  apparently  bj  capitate  glandular  hairs  which  axe  aeen  covered  with 
minute  threads.  On  removing  these  threads  bj  alcohol,  the  hairs  ara  shown 
of  a  balloon-like  form,  with  an  elongated  nedc, — the  rounded  upper  portian 
formed  of  a  single  cellule,  the  stalk  or  neck  of  one  or  two  cellules.  la 
Qymnogramma  chrtfsophylla  farinosay  and  dealbata,  the  summit  of  the 
hair  is  spherical ;  in  G.  calomclanos  and  hybrida  it  has  a  more  ovate 
form.  The  terminal  cell  of  the  hairs  is  perforated  with  very  minute  holes, 
through  which  it  appears  the  secreted  matter  passes  from  the  iDlericHr  in 
the  form  of  filaments.  In  O,  hybrida  the  ponctuatioiis  or  boles  are  ahoat 
ri^th  of  a  millimetre. — {V Institute) 

Mannite. — ^The  mannite  which  is  developed  on  the  suHkee  of  maaj 
marine  algne  when  the j  are  dried  in  the  air  is  considered  bj  M.  PhipsoQ 
as  the  result  of  a  particular  kind  of  fermentation,  bj  which  the  mucilage 
of  the  leaves  is  deoxydised.  He  does  not  consider  it  as  a  secretion  of  th^ 
living  plant. 

Ophiofflossum  tmlgcUum, — M.  Schrietzlein  states  that  the  Ophioglos* 
sum  vulgatum  possesses  a  horizontal  rhizome,  on  which  are  developed 
several  buds  at  the  distance  of  2  or  3  inches,  which  give  rise  to  stems  and 
leaves. 

Cuscuta. — M.  Schrietzlein  has  observed  at  the  end  of  the  embjro  of 
Cuscuta,  two  germinal  leaves  distinctly  visible.  The  plant  ia  therefore 
not  acotjledonous,  as  has  been  generally  supposed. 

Spilanthe^  oleracea. — ^In  the  capitules  of  this  plant  M.  Schrietzlein  hss 
noticed  florets  with  ^^%  styles,  and  others  with  three  or  fonr,  a  remark- 
able anomaly  in  the  order  CompositSB. 

Action  of  Pollen  in  the  Development  of  Fruit. — ^M.  Maudin,  Assist- 
ant Naturalist  in  the  Museum  of  Natural  History  of  Pans,  has  made 
experiments  on  four  CucurbitacesD,  viz.,  EcboUum  dateriun^  Ca- 
curbita  pepo,  Cucurbita  melanosperma,  and  Cucumis  abysHnieuM, 
with  the  view  of  ascertaining  whether  or  not  the  action  of  the  pollen  on 
the  stigma  is  necessary  for  the  development  of  fruit  containix\g  either  no 
seeds  or  abortive  ones.  He  found  that  when  these  plants  were  placed  in 
circumstances  where  to  all  appearance  the  pollen  could  not  come  into  con- 
tact with  the  stigma,  the  fruit  was  developed  in  a  much  less  complete 
manner  than  in  ordinary  circumstances ;  and  that  when  the  plants  were 
fertilized  by  the  pollen  of  different  species,  they  developed  their  fruits, 
but  for  the  most  part  without  having  seeds  with  an  embryo.  He  con- 
cludes that  the  pollen  acts  therefore  not  only  on  the  ovules  but  alao  on 
the  ovaries  and  fruit. 

Hygrometric  Filamefits  or  Hairs  in  Capsules  of  Orchids. — M.  PrQ- 
lieux  states  that  the  internal  surface  of  the  valve  of  the  capsule  of  PUttro- 
thallis  obtusifolia  is  covered  with  filaments  or  hairs  which  are  disposed 
in  an  irregular  manner  amidst  the  seeds.  After  the  dehiscence  of  the  cap- 
sules the  filaments  appear  free — ^having  no  adhesion  to  the  walls.  The 
filaments  are  formed  of  long  fibres,  arranged  in  pairs.  These  filamentous 
hairs  are  very  hygrometric,  and  when  breathed  upon  show  marked  move- 
ments. They  probably  assist  in  scattering  the  seeds  in  the  same  way  as 
elaters  do.  The  same  sort  of  hygrometric  hairs  exist  in  the  capsules  of 
Femandezia  acuta^  Leptotes  bicolor^  Vanda  multijlora^  AngrcecHm 
fragranSf  pusillum^  <kc.' — {L* Institute) 

Juice  of  Chinese  Green, — ^Decaisine  finds  that  the  plants  whence  the 
Chinese  derive  their  Indigo  Lokao^  a  substance  known  in  commerce  as 
Chinese  green,  are  species  of  Bhamnus,  which  he  describes  under  the 
names  of  Rhamnus  chlorophoms  and  RharMWS  utilis. 

Canella. — M.  Grisebach,  from  an  examination  of  Caribbean  plants  in 
the  collection  of  Dr  Duchassaing  of  Guadeloupe,  has  shown  that  the 
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genus  Canella  is  allied  to  the  genus  Tatmo/nniat  and  ought  to  be  placed 
among  the  MagnolidcecB.  This  seems  to  explain  the  reason  whj  it  has 
been  confounded  with  Drimys. —  {L^InsHtut) 

Alpine  Vegetation  of  the  Colony  of  Victoria, — In  order  now  to  ac- 
complish the  examination  of  the  Alpine  Flora  on  the  Eastern  fron- 
tiers, I  started  for  the  Coborras  Mountains,  the  most  prominent  points 
of  the  great  dividing  range  within  the  borders  of  this  colony.  Not  only 
these  mountains,  but  also  the  greater  part  of  the  interjacent  plains 
or  plateaux,  are  of  a  truly  alpine  or  subalpine  nature,  ranging  in 
elevation  from  5000  to  6000  feet  above  the  level  of  the  ocean.  As  some  of 
the  highest  sources  of  the  Murray  and  of  the  Gipps  Land  rivers  rise  in 
this  vicinity,  the  supply  of  water  is  plentiful.  The  valleys  are  either 
covered  with  spongy  mosses  (chiefly  SpkagnuTn),  which  become  trans- 
formed into  peat,  or  they  produce  nutritious  grasses,  some  luxuriant 
enough  to  recommend  their  introduction  into  countries  of  the  arctic  zone 
— (Hierochloe  antarctica,  H.  suhmuiicaj  Agrostis  frigida,  nivalis,  &c.) 
The  vegetation  of  the  Coborras  Mountains  does  neither  fully  agree  with 
that  of  Mount  BuUer,  examined  last  year,  nor  with  the  Alpine  Flora  of 
Van  Diemen's  Land ;  although  the  following  series  of  its  plants  may  in- 
dicate its  partial  identity  with  both : — Ranunculus  pimpinellifoliusy  R. 
scapigeTy  Oeranium  brevicaulCf  Acacia  hossiceoideSf  Hovea  gelida^  Oxy- 
lobium  alpestre,  Anisotome  glacialis,  Didiscus  humilis^  Cettnina  asteli- 
folia,  Euryhia  megalophylla,  Brachycome  nivalis^  B.  muliicaulis,  CtenO" 
sperma  alpinum^  Ozothamnus  Hookeri^  0.  cinereus,  Antennaria  nvhi^ 
gena,  Seneciopectinatus,  Good€niacordifolia,Oaultheriahispida,  LeU' 
copogon  ohtusatu9,  Lissanthe  monta^naj  Bichea  drctcophylla,  Prostan- 
ihera  rotundifolia,  Euphrasia  alpina,  Oentiana  Diemengis,  O.  monta/na^ 
Orevillea  attstraliSy  Pimelea  gracilis^  Podocarpus  monta/na,  Exocarpus 
humifusa^  JuneusfalcatuSf  Bestio  australis,  Orecholus  Pumtlio,  Loma- 
ria  alpina^  Polytrichum  dendroides,  &e.  Here  all  these  plants  are 
alpine,  notwithstanding  some  of  them  descend  in  Tasmannia  to  the  low 
luid.  But  to  those  already  known  I  had  the  gratification  of  adding  seve- 
ral new  species,  probably  peculiar  to  the  Alpine  Flora  of  Australia, 
namely : — PJiebaltum  phylicoidea,  AsteroUisia  trymalioides,  Mniarum 
singulijlorum,  Bossiaa  distichoclada,  Centella  cuneifolia,  Anisotome 
simplicifoliay  Euryhia  alpicola,  Ozothamnus planifolius,  Onaphaliwn 
almgenumj  Hierockloe  subm-uticaf  Olyeeria  Hooheriana,  Agrostis  ge^ 
lida^  &c. — {Beport  of  Br  Mueller,  t?ie  Government  Botanist.) 

Woods  of  the  Colony  of  Victoria, — The  woods  stand  in  this  regard 
prominent  in  importance.  The  Blue  Gum  tree  of  Van  Diemen's  Land 
{Eucalyptus  globulus)  is  found  abundantly  in  some  of  the  forest  districts, 
principally  of  the  south,  and  is  already  so  well  known  for  its  colossal  size, 
as  to  render  it  superfluous  to  quote  the  statements  made  of  its  vast  dimen- 
sions. Of  the  circumferenoe  of  the  stem  instances  are  on  record,  by 
which  this  tree  ranks  only  second  to  the  famous  Boa  bob  from  the  Senegal. 
The  experiments  instituted  in  Van  Diemen's  Land  have  shown  "  that  its 
elasticity  and  strength  exceed  generally  those  of  all  woods  hitherto  tested;" 
"  it  is  equal  in  durability  to  oak,  and  superior  to  it  in  size ;"  and  there- 
fore highly  esteemed  for  ship-building.  Other  Eucalypti  likewise 
claim  attention,  on  account  of  the  beauty  and  durability  of  their  wood, 
in  consequence  of  which  qualities  one  of  them,  from  tiie  south-eastern 
frontiers,  received  there  the  name  of  the  Mahogany  tree.  The  wood  of 
Callistemon  salignus,  although  the  tree  is  seldom  of  large  dimensions, 
stands  here,  perhaps  unrivalled  for  hardness.  The  fragrant  Myall  wood, 
so  well  adapted  for  delicate  ornamental  work,  is  obtain^  from  Acacia  ho- 
malophylla,  and  some  allied  species  in  the  Mallee  desert.    The  well- 


364  Scientific  Intelligence, 

known  Blackwood  {Acacia  melanoxylof^^  in  some  localities  called  Lig!  t- 
wood,  attains  in  the  Fem*tree  gullies  an  enormous  aize,  and  yields  a  s^en- 
did  material  for  furniture,  at  once  most  substantial,  and  capable  of  a  liurh 
polish,  being  also  recommended  for  the  finishing  work  of  vessels.     The 
Myrtle  tree  of  Sealer's  Cove  and  the  Snowy  river  (Actnena  floribund*i\ 
is  also  remarkable  for  its  straight  growth  and  its  excellent  wood.     The 
Australian  evergreen  beech  (^Fagu$  Cunninyhatni)  forms  a  noble  tree, 
sometimes  more  than  100  feet  high,  of  which  the  wood  takes  a  beautiful 
polish.     Omitting  such  kinds  as  are  more  generally  known,  I  maj  j^i 
mention  as  useful,  chiefly  for  ornamental  work,  the  Sassafras  wood  (itum 
Atherosperma  tnoschatum),  the  Lomatia-wood  (from  Lomatia  polvmor- 
pha),  that  of  the  Tolosa-tree  {Pittosporum  bicolar)^  the  Musk- wood  (from 
Enryhia  argophfUa)^  the  Iron- wood  (from  Notel^ea  ligustrlna)^  that  uf 
the  ^Hl-fruit  tree(&7f Focffrpu,'?  cyaneut)^  the  Zieria-wood   (&om  ZieHa 
arbor tf4icens),  that  of  the  Heath-tree  (^Monotoca  elliptica)^  and  of  the 
Australian    Mulberry-tree   (^Psei(domoru8  AustrcUasicd),      Samples  of 
those   kinds,  which  are  met  with  on  Wilson's  Promontory,  hare  been 
])rocured  for  the  Paris  Exhibition,  and  may  give  some  additional  proof 
that  we  possess  woods  here  for  any  purpose,  with  the  exception  perhaps 
of  such  as  are  fit  for  larger  ships'  masta, --^Report  of  Dr  Mueller y  iht 
Ooverntnent  Botanist.) 

Flora  of  Oregon  and  California  contrasted  with  thai  of  the  Eoetem 
Side  of  America, — A  proper  discussion  of  the  relations  existing  between 
the  yegetatipn  of  the  eastern  and  western  sides  of  the  continent  would 
demand  a  notice  of  the  remarkable  absence  west  of  the  Rocky  Mountains 
of  a  great  variety  of  genera,  tribes,  and  even  orders,  which  are  eminently 
characteristic  of  the  flora  of  the  Eastern  States.     For  example,  Oregon 
and  California  have  no  McignoliacecB,  Anonacexje,  Menispermacece^  nor 
Cabmnbaceoe^  no  Nymphaea^  although  a  Nuphar  is  plentiiul,  no  Tilia  or 
Bass-wood,  no  Camelliacece,  no  indigenous  Grape-vines,  except  one  in 
California,  only  one  Polygala,  no  Locust  or  other  Leguminous  trees,  no 
Passion-flowers,  no  Hydrangea^  no  Hamamelacear,  few  Bubia<ect,  no 
VemoniacecPy  and  very  few  Eupaioriacece ^  very  few  Asters  and  Solidago^s 
(but  the  numerous  Compositce  tend  strongly  to  Ucleniecey  and  are  mostly 
of  genera  which  are  neither  Eastern,  North  American,  nor  European  in 
type),  no  Lobelia^  no  true  Huckleberries  {Oaylussacia)  nor  Vaccinia  of 
the  Blueberry  type  (the  section  Cyanococcus)^  no  Clethra,  and  few 
AndromedecFf  no  Aquifbiiaceof,  EbenacecB,  nor  Sapotacece;  no  true  Big- 
ifoniaceos,  no  Acanthaceas,  nor  Gterardias,  no  Sahbaiia,  no  Dirca  nur 
Podostemon,  solitary  representatives  here  of  their  respective  orders  ;  no 
EmpttracecT,  no  Elms  (although  there  is  a  Celtis),  no  Mulberry,  no 
Walnuts,  Hickories,  or  other  Jyglandacece^  nor  a  Beech,  Hornbeam,  nor 
Ironwood ;  no  true  Aracece^  Hydrocharidaceee,  Hcsmodoracece,  Burman- 
viacece,   Dioscoreacece^    Pontederacece^  Conimelinacece^  Xyridacece^  or 
Eriocavlonorcece ;  few  Orchidaceoej  and  still  fewer  Cyperacece,  none  of  tbo 
latter,  either  Rhynchosporece  or  Scleriece ;  and  Paniceous  and  Andropo- 
gineous  Grasses  are  altogether  absent. 

How  these  failures  are  made  up  by  a  large  increase  of  peculiar  generic 
and  specific  forms  in  a  few  families,  I  will  not  stop  to  illustrate.  Bat  it 
is  worth  noticing  that,  while  our  eastern  flora  possess  so  many  orders 
which  are  not  represented  in  the  western,  no  order  represented  in  Or^rou 
or  California  is  wanting  in  the  flora  of  our  Northern  States,  unless 
Jlydroleacece  and  Oarryacece  be  counted  as  independent  orders ;  and 
both  of  these  occur  in  the  Atlantic  states  south  of  our  geographical  limits. 
— (Asa  Gray,  in  Silliman's  Journal^  May  1857.) 

The  Prominent  Characteristics  of  the  Flora  of  the  Northern  United 
States. — To  answer  the  question  as  to  what  are  the  leading  characteristics 
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of  the  yegetation  of  the  Northern  United  States,  taken  as  a  whole,  we 
should  have  to  consider,  first :  What  are  the  more  remarkable  peculiarities 
of  OUT  flora,  as  discovered  by  the  instructed  botanist,  with  the  whole  field 
Bjstematicallj  displayed  to  his  mental  view  ;  and  secondly,  what  are  the 
plants  or  the  forms  of  vegetation  which,  by  their  abundance  or  their 
prominence,  impart  to  our  flora  its  dominant  features.  The  first  is  a 
matter  of  deduction  from  a  variety  of  facts,  many  of  which  would  never 
arrest  the  attention  of  the  casual  observer :  the  second  relates  to  points 
which  would  most  attract  the  notice  of  the  passing  botanical  traveller  or 
the  ordinary  observer.  The  answer  to  the  former  no  less  than  to  the 
latter  inquiry,  would  depend  upon  the  point  of  view.  To  the  traveller 
from  the  Southern  States,  or  from  the  great  plains  of  the  West,  the  novel 
features  of  our  vegetation  are  those  which  it  has  in  common  with  £urope« 
To  the  European  visitor  the  striking  peculiarities  are  those  which  we 
share  with  the  southern  part  of  the  country,  and  these  would  increase  in 
prominence  as  he  proceeded  southward  and  westward.  And,  in  forming 
his  idea  of  a  flora,  the  botanist  naturally,  if  not  inevitably,  takes  that  of 
Europe  as  his  standard  of  comparison. 

In  comparing,  as  the  botanist  naturally  would,  our  flora  with  that  of 
Northern  and  Western  Europe,  the  following  would  appear  to  be  leading 
characteristics. 

1.  Our  comparative  richness  in  ordinal  types ; — our  flora  having,  as 
already  remarked  (vol.  zxii.  p.  216),  26  orders  which  are  absent  from  that 
of  Europe ;  while  the  latter,  exclusive  of  the  Mediterranean  basin,  has 
only  seven  orders  which  are  wanting  here. 

2.  The  prevalent  subtropical  character  of  our  extra  European  orders ; 
— ^which  has  been  already  referred  to,  and  which  will  be  manifest  to  the 
botanist  inspecting  the  list  of  such  orders  given  in  a  former  article  (vol. 
xxii.  p.  215). 

3.  Our  richness  in  species  of  woody  plants,  and  especially  of  trees ;  as 
already  alluded  to  (p.  84).  This  will  strixingly  appear  frx)m  a  comparison  of 
our  flora  with  an  equivalent  European  one — ^with  the  German  flora,  for 
example.  In  Koch^s  Flora  Oermanica  (excluding  the  Adriatic  region), 
I  count  60  indigenous  species  of  trees,  belonging  to  27  genera,  and  com- 
prised in  fourteen  orders.  In  our  own  Flora  of  the  Northern  United 
£i^f^^ adopting  the  same  estimate  as  to  what  constitutes  a  tree,  I  count 
132  trees,  in  56  genera,  and  belonging  to  25  orders ;  as  follows  : — 
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The  only  natural  order  oontaining  trees  is  the  German  flora  and  not  ia 
ours  ii  the  RhanmacMt;  the  only  order  in  which  the  Oen&en  iloia 
exceeds  onrs  in  arboreous  genera  is  that  of  BetulacetB  (which  eoizies 
fVom  our  not  counting  any  of  our  Alders  as  trees) ;  the  only  order  ia 
which  the  German  flora  has  more  species  of  trees  tiian  ours  is  that  of  the 
Salicaceoe  (10  to  7),  we  counting  but  one  tralj  arboreoaa  indigeaoss 
Willow.  On  the  other  hand,  our  flora  surpasses  the  German,  not  osAj  in 
the  twelve  additional  orders  (one  of  idiich  is  represented  by  nine  species 
and  another  by  six),  but  also  in  having  a  greater  number  oi  species  in  tea 
out  of  the  thirteen  orders  common  to  the  two  countriee,  and  of  genera 
likewise  in  all  but  three  of  them.    That  is,  we  possess  of 
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4.  Our  flora,  it  may  be  seen,  accordingly  predominates  in  its  species  of 
Pine,  Fir,  Oak,  Birch,  £bn,  Ash,  arboreous  as  well  as  shrubby  Cornacea, 
Cratcpgi,  and  of  arboreous  Leguminosce;  and  its  characteristic  trees  are 
the  Taxodium^  the  Overcup,  Willow  snd  Chesnut-Oaks,  the  Hickories 
and  Walnuts,  the  Plane-tree  and  two  Sapotaceas,  which  barely  reach  us 
from  the  South,  the  Persimmon,  the  Gum-trees  (both  Nyssa  and  Liqyid- 
ambar),  the  Common  and  Honey  Locusts,  Cladrastis^  and  the  Kentudj* 
Coffee-tree,  the  Negundo,  and  three  species  of  Buckeye,  the  Sumac,  the 
Loblolly  Bay  of  our  south-eastern  border,  the  Papaw-tree,  the  Tulip-tree, 
and  our  fi^e  species  of  Magnolia.  We  might  have  added  Zanthojrylum^ 
but  no  Prickly  Ash  fairly  forms  a  tree  within  our  geographical  limits. 

5.  Our  flora  is  equally  rich  in  shrubs,  of  a  great  yariety  of  families, 
especially  in  those  which  make  an  undergrowth  in  forests ;  and,  among 
them,  in  Vaccinecp^  Androniedece^  and  Rhodorea?,  while  it  has  no  Ari^Utip 
rising  above  the  surface  of  the  ground,  and  no  Ericece  or  Heaths  at  all. 

6.  It  is  also  rich  in  Compositce,  especially  Helianthoid  ComposiUF, 
Eupatorince,  Asters,  and  Solidagoes,  in  the  latter  genera  outnumbering 
any  other  region  ;  but  it  is  poor  in  Anih4midecs^  true  Senocionta,  and  in 
CynarecBf  and  especially  so  in  Cyckoracece. 

7.  It  has  an  unusual  numl)er  of  Cyperacece,  which  is  owing  partly  to 
the  remarkable  number  of  extra-European  genera,  and  partly  to  the 
number  of  species  of  Cyperus^  Rhynchospora,  and  Carex, 

S.  From  the  position  of  RosacecB  on  the  list  of  the  larger  orders,  oar 
flora  would  be  supposed  to  be  unusually  rich  in  that  order  also ;  but  this 
result  happens  in  consequence  of  our  remarkable  comparative  poverty  in 
Cruci/erce,  Umbellifer(Py  Lahiatcp,  and  Caryophyllacecd,  Other  orders  in 
which  our  flora  is  much  deficient,  as  compared  with  Europe,  are  Bora- 
ginacecB^  CaTnjyanulacecBy  LiliacecB  in  the  larger  sense,  and  Irido/cecB^ 
Crassulaceas,  Chtnopodidcece^  PrimulacecB  and  OeraniaceaR,  Those  in 
which  we  are  correspondingly  rich  are  Asclfpiad<ic€CE^  Polemoniacetx, 
SmilacecBy  MelanthacecBf  Araliaceoi^  and  Ona-gracecB. 

9.  To  present  the  elements  of  the  26  orders  represented  in  our  flora, 
but  wanting  in  that  of  Europe,  and  in  which  characteristic  features  are 
necessarily  comprised,  would  still  further  extend  an  article  already  inoon- 
veniently  protracted.  The  botanist  can  readily  gather  the  needful  details 
respecting  them,  and  respecting  our  extra-European  genera  generally, 
£rom  the  data  given  in  a  rormer  article. 


Botany.  867 

As  regards  tbe  plants  most  striking  and  important  in  the  physiognomy 
of  our  vegetation,  the  first  rank  is  undoubtedly  held  by  the  trees  of  social 
growth ;  and  of  these  the  principal  are  ConifercB,  The  characteristic 
tree  of  the  proper  Northern  States  is,  therefore,  Pinus  Strobus,  This, 
the  tallest  and  once  the  most  plentiful  of  our  trees,  when  the  country  lay 
in  all  the  wildness  of  nature,  must  have  given  the  dominant  feature  to  a 
great  part  of  the  landscape.  White  Pines  may  probably  be  distingruished 
By  their  port  and  aspect  from  a  greater  distance  than  any  other  of  our 
forest  trees,  except  perhaps  the  Taxodium  of  our  Southern  **  Cypress  " 
swamps,  and  the  long-leaved  Pine  which  so  strikingly  marks  a  belt  of  low 
and  Imrren  country  stretching  from  the  south-eastern  borders  of  Virginia 
to  the  Gulf  of  Mexico  and  the  Mississippi. 

Pinu$  Tceda,  near  our  southern  limits,  and,  more  northward,  P,  rigida 
and  the  other  Pitch  Pines,  give  a  predominant  feature  to  the  '*  pine- 
barrens  *'  of  the  Northern  States. 

Our  Arbor  Vitse  (Thuja  occidentalts),  of  intensely  social  growth,  is 
the  physiognomic  tree  of  our  cold  swamps  at  the  North,  and  of  Canada. 
Large  tracts  of  cold  and  poor  marshy  land  at  the  north,  and  on  the 
mountains,  are  occupied  with  the  well-marked  Balsam  Fir,  or,  where  less 
damp,  with  the  more  sombre  and  stiff  Black  Spruce,  or  with  the  closely 
related  White  Spruce  ;  the  latter,  however,  only  along  our  northern 
frontier.  Ahies  Fraseri  replaces  the  common  Balsam  Fir  in  the  AUe- 
ghanies  south  of  Pennsylvanu^  and  has  just  the  same  aspect.  Hemlock 
Spruce  woods  (Ahies  cancbdensis)  cover  hill-sides  and  sharp  ridges  of  a 
light  and  thin  soil,  where  water  never  stands,  throughout  the  northern 
part  of  the  country,  with  a  truly  characteristic  forest-growth.  Larch  or 
''  Tamarack  '^  swamps  are  strongly  marked  in  aspect,  but  are  never  large. 

No  other  species  of  forest  trees  that  I  know  monopolize  the  ground  in 
so  marked  a  manner,  and  impress  their  single  features  upon  a  tract  of 
country.  The  Beech  woods  of  elevated  tracts,  and  the  Sugar  Maple  in 
richer  and  lower  grounds,  make  the  nearest  approach  to  it ;  but  ordinarily 
our  woods  of  deciduous  trees  consist  of  a  mixture  of  several  species,  in 
which  different  kinds  predominate  according  to  the  situation.  In  enume- 
rating, as  I  have  done  farther  back,  the  trees  most  characteristic  of  our 
three  principal  districts,  I  have  mentioned  those  which  more  than  any 
other  give  character  to  our  arboreous  vegetation.  As  trees  which  possess 
marked  peculiarity,  and  which  may  be  £iown  &om  far,  I  barely  mention 
the  common  American  Elm  of  our  intervales,  the  Button-wood  or  PlcUanus 
on  the  banks  of  rivers  and  streams,  the  Sugar  Maple,  the  various 
Hickories,  the  Black  Walnut,  and  several  Oaks,  the  White  and  the  Paper 
Birch,  conspicuous  from  the  ghastly  white  bark  of  their  trunks,  as  well  as 
^  their  light  and  handsome  roliage,  the  Sassafras,  the  Cucumber-tree,  the 
Tulip-tree,  the  Honey  Locust  with  its  remarkably  light  and  feathery 
foliage,  and  the  Oymnoelad^iM  or  Kentucky  Coffee- tree,  with  its  thick  and 
stout  branchlets,  and  its  remarkably  decompound  foliage,  rendered  the 
more  striking  in  aspect  by  the  oblique  or  almost  vertical  position  which 
the  leaflets  generally  assume. 

Of  trees  conspicuous  in  blossom,  Comus  Florida^  the  two  Umbrella- 
leaved  Magnolias,  the  Locust,  the  Cladr<Mti$j  the  Red-Bud,  and  the 
Crab -Apple,  bold  the  first  place,  and  the  Umbrella-trees  with  their  rose- 
coloured  cones  are  equaQy  conspicuous  in  fruit.  The  Loblolly-Bay, 
Rhododendron  mammumj  and  the  Chionanthus  or  Fringe-tree,  are 
equally  showy,  but  they  are  generally  shrubs  rather  than  trees. 

Considering  our  great  variety  of  trees  and  shrubs,  there  is  a  remarkable 
absence  of  broad-leaved  evergreens.  The  American  Holly  is  our  only 
tree  of  the  sort  of  eonsiderabte  sije,  and  that  is  not  a  common  one.  Of 
large  shrubs  or  small  trees,  Rhododendron  maximum  and  Kalmia  lati- 
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folidf^-our  *'  Laurels  " — we  our  prineipal  and  tml/  chaneteristks  ever- 
greens, ai  they  are  among  the  most  social  of  our  woody  plants. 

The  herbaceous  plants  which  most  strike  the  eye  are  of  course  the 
CompotntcBt  especially  towards  the  close  of  summer,  when  golden  Solida- 
goes,  and  purple,  blue,  and  white  Asters,  are  everywhere  conspicaous. 
Of  Temal  flowers — peculiarly  delightful  to  us  afler  a  winter  which  destroys 
all  herbaceous  Tegetation — ^the  most  common  species  which  strike  the  eje 
OTor  the  whole  country  (in  their  appropriate  stations)  are  Calf  ha  paluf- 
iris,  Aqutlrgia  canad^nsu^  Anenume  nemorota^  with  Thalictntn 
anemofwides^  Sanguinaria  canadensis,  Saxifraga  virginUnsis^  VioU 
ciicullata,  sagittata,  or  one  or  two  other  stemless  Violets,  Cl^jytanioy  one 
or  the  other  species,  Oldenlandia  {Houstonia)  ccemlea,  Senecio  auretAs. 
Bmilacina  bifolia^  Etythronium  amerieanum,  Uvularia  tesnlifalia^  and, 
a  little  later,  Oeranium  tnactUatum. 

The  part  which  introduced -plants  take  in  our  flora,  with  some  kindred 
topics,  must  be  considered  in  a  future  article.— (^5a  thray,  in  SilUman's 
Journal,  May  1857.) 

On  the  Mode  of  Formation  of  Cannel  Coal,    Bj  J.S.  NEwasaaT. — 
Ist,  Cannel  coals  always  exhibit  a  tendency  to  assume  the  foliated  struc- 
ture of  slates  and  shales, — a  structure  which  they  must  hare  derived  from 
aqueous  deposition.    They  are  irequently  found  shading  into  bituminous 
shale,  into  which  they  are  converted,  simply  by  accessions  of  earthy  mat- 
ter.    Bituminous  shide  and  cannel  coal  may,  therefore,  be  considered  as 
the  same  substance  in  different  degrees  of  purity  ;  that  is,  carbonaceous 
paste,  deposited  from  aqueous  suspension  witn  different  admixtures  of 
earthy  matter.     The  carbonaceous  matter  in  bituminous  shale,   as  in 
cannel,  exhibits  a  preponderance  of  Tolatile  matter  over  fixed  carbon,  and 
the  gases  furnished  by  it  contain  a  larger  proportion  of  the  more  volatile 
hydro-carbons,  and  possess  a  higher  illuminating  power  than  those  de- 
rived from  ordinary  bituminous  coal. 

2d,  The  chemical  compoaition  of  cannel  coal—- so  rich  in  volatile  ingre- 
dients— and  its  homogeneity,   are  such  as  would  naturally  follow  the 
decomposition  of  vegetable  matter  while  constantly  submerged.     Plants 
when  deprived  of  their  vegetative  lite,  and  exposed  to  the  action  of  the 
air,  are  slowly  decomposed  by  the  process  of  decay  ;  a  process  which,  un- 
attended by  the  sensible  phenomena,  heat  and  light,  is  however  really  a 
combustion,  and  consists  in  the  union  of  oxygen  with  their  hydrogen  to 
form  water,  with  their  carbon  to  form  carbonic  acid,  and  of  their  carbon 
and  hydrogen  to  form  oarburetted  hydrogen,  &c.     When  vegetable  mat- 
ter is  covered  with  wet  earth  or  clay,  these  changes  are  both  modified 
and  retarded,  and  an  intermediate  state,  that  of  bituminization,  is  assumed 
by  a  portion  of  the  organic  matter.    Under  water  the  changes  terminating 
in  decay  go  on  still  more  slowly,  and  a  larger  portion  of  the  vegetable 
tissue  becomes  bituminized.     The  process  of  bituminization  in  such  cir- 
cumstances consists  in  the  oxidation  of  a  small  portion  of  carbon,-^which 
escapes  as  carbonic  acid,-— of  hydrogen  to  form  water,  the  union  of  car- 
bon and  hydrogen  to  form  carburetted  hydrogen  and  other  hydro-carbons, 
and  the  combination  and  removal  of  a  portion  of  the  alkaline  carbonates, 
of  nitrogen,  &c.,  aU  of  which  go  to  make  up  the  loss,  which  is  relatively 
small.     The  residuary  hydrogen  and  oxygen  unite  with  a  portion  of  the 
carbon  to  form  bitumen,  which  closely  resembles,  physically  and  chemi- 
cally, the  resins  produced  by  the  vital  functions  of  many  plants.     This 
bitumen  unites  mechanically  with  the  unoombined  or  fixed  carbon,  the 
remaining  alkalies  and  inorganic  matter,  to  form  coal.    It  is  evident,  that 
the  more  ready  the  access  of  oxygen  to  the  carbonaceous  matter  during 
the  process  of  bituminization,  the  larger  proportion  of  the  products  ol' 
complete  combustion  will  be  mingled  with  those  of  this  prooess ;  and  the 
more  perfectly  the  oxygen  is  excluded^  the  larger  proportion  of  the  more 
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volatile  (%.  e.  more  oxidable)  constituents  of  the  wood  will  be  retained. 
Of  the  conservative  influence  of  water  on  vegetable  matter  we  have  evi- 
dence, not  only  in  the  great  durabilitj  of  wood  when  constantly  sub- 
merged, but  in  coal  itself.  In  all  coal  strata,  except  where  the  process  of 
volatilization  is  complete,  as  plumbago  and  perfectlv  gasless  anthracites, 
the  work  of  decomposition  is  constant ly  going  on.  To  this  as  to  ordinary 
combustion,  water  is  an  extinguisher.  Coal  mines  are  commonly  opened 
in  America  by  penetrating  the  coal  on  some  hill-side  where  it  is  not 
covered  by  water.  In  these  circumstances  a  progressive  change,  both 
chemical  and  physicalf  is  noticeable  in  the  coal  from  its  outcrop  to  the 
point  where  atmospheric  influences  cease  to  act.  Near  the  surface  it  is 
friable,  lustreless,  and  nearly  destitute  of  gas,  having  much  the  appear- 
ance and  character  of  decayed  wood.  As  it  is  more  deeply  penetrated  it 
becomes  harder  and  more  brilliant,  and  contains  more  volatile  matter, 
till  under  water  or  a  sufficient  cover  of  incumbent  rock,  it  is  protected 
from  the  action  of  oxgyen.  On  the  contrary,  whenever  the  outcrop  of 
a  coal  stratum  is  constantly  covered  with  water,  even  though  it  have  no 
other  covering,  it  wiU  be  found  hard  and  bright,  and  containmg  nearly  ita 
maximum  quantity  of  volatile  ingredients. 

dd.  The  higher  illuminating  power  of  the  gases  of  canuel  coal  is  a  natural 
consequence  of  the  preservation  of  the  more  volatile  constituents  of  wood, 
by  its  continued  submersion  in  a  hydrogenous  liquid.  It  is  also  probable 
that  the  illuminating  power  of  canuel  gas  is  oflen  somewliat  increased  by 
the  animal  matter  which  it  contains.  I  have  found  remains  of  fishes  in 
slaty  cannel,  surrounded  by  bitumen  having  in  a  high  degree  the  cha- 
racteristics of  the  bitumen  of  cannd.  That  a  more  resinous  vegt^tation 
has  given  cannel  this  character  is,  I  think,  not  probable.  I  have  often 
found  unchanged  resins  in  common  bituminous  coal  but  never  in  cunnel. 

4th,  The  greater  relative  proportion  of  earthy  mutter  in  cannels  would 
be  a  necessary  result  of  the  submersion  of  the  vegetable  matter  in  a  fluid 
having  a  greater  specific  gravity  than  air,  and,  of  course,  greater  power 
for  the  suspension  and  transportation  of  sediment.  In  the  few  instances 
known  where  the  cannel  is  of  equal  purity  with  bituminous  coal,  we  may 
I  think  discover  evidences  that  the  vegetable  matter  has  been  deposited 
in  confined  bodies  of  quiet  water,  entirely  without  currents,  or,  at  least, 
receiving  little  or  no  surface  drainage. 

5th,  The  fossils  contained  m  cannel  coal  are  among  the  most  significant 
indications  of  its  aquatic  origin.  Fishes  are  found  in  cannel  in  abundance, 
scales,  teeth,  spines,  coprolites,  and  entire  individuals  being,  in  some 
localities,  so  profusely  scattered  through  its  substance  as  to  prove  conclu- 
sively that  they  must  have  lived  and  died  in  great  numbers  in  waters,  at 
the  bottom  of  which  comminuted  vegetable  matter  was  accumulating  as  a 
carbonaceous  paste  with  which  their  remains  have  mingled,  and  the 
whole,  consolidated,  has  become  a  stratum  of  cannel.  I  have  before  me 
•8  I  write,  pieces  of  beautiful  cannel  from  England,  in  which  are  impacted 
ieeih  of  Megalichthys^  BcaleB  of  PcUcBonisctuff  and  many  other  forms  of 
aquatic  life.  And  in  Ohio  I  have  found  fishes  in  large  numbers  in  a 
thin  stratum  of  cannel  underlaying  a  thick  seam  of  bituminous  coal ; 
which  last  contains  none.  Shells  too  are  not  unfrequently  found  imbedded 
in  the  middle  of  a  stratum  of  cannel.  The  vegetable  remains  which  I 
have  observed  in  cannel  are  iSft^maricB,-— roots  and  rootlets  of  trees 
which  grew  in  the  coal-marshes, — generally  occurring  in  detached  frag- 
ments— shapeless  portions  of  the  trunks  of  Lepidodendra  with  their 
markings  nearly  obliterated,  Lepidostrobi  reduced  to  their  woody  skele* 
tons,  fern  fronds  of  which  nothing  but  rachis  and  veins  remain,  all  evi- 
dently macerated  tiU  only  their  most  resistant  tissues  are  left.  Strata  of 
ordinary  bituminous  ooal  usually  consist  of  thin  layers  of  brilliant  bitu- 

NEW  8EKIX8. VOL.  YI.  NO.  II. — OCTOBXB  1857.  ^  A. 


370  Seteniifie  Intelligence. 

meii  tltenuting  wHb  othen  of  bitaminouB  shale  or  camieL  Tkn  uniif^ 
meDt  I  consider  due  to  the  Tariable  qmuititj  of  water  satoTsimg  vA 
orerflowing  the  ooal-marshes :  the  cannel  lajers  haxing  been  deposited 
during  the  prevalence  of  high  water. 

MISCKLLAinBOUB. 

Asetni  of  Chimhorazo.'^~Th.e  Echo  du  Padfique  of  the  Sd  JaDsair^ 

S'ves  the  following  account  of  an  ascent  of  Chimboraao,  made  on  the  3d 
oTember  1856  br  a  French  traveller,  M.  Jules  Ronj,  accompanied  bj 
M.  Brenchlej,  an  English  traveller. 

*'  On  the  23d  June  1802,  the  illustrious  Humboldt,  aceompanied  br  his 
friend  Bonpland,  made  the  first  attempt  to  ascend  C^imboraxo.  On  u- 
eount  of  a  pointed  rock,  which  presented  an  insurmountable  barrier,  ther 
were  unable  to  ascend  above  5909  metres  of  the  mountain,  then  regarded 
aa  the  highest  in  the  world,  and  which  still  occupies  a  principal  plae? 
among  the  colossi  of  America. 

*"  Thirty  years  later,  on  the  16th  December  1831,  M.  Bonssingsiih, 
after  a  long  and  skilful  examination  of  the  Cordillera  of  the  equator,  en- 
deavoured to  accomplish  the  ascent  in  which  his  predecessor  had  failed. 
He  reached  the  enormous  height  of  6004  metres,  that  is  to  saj,  95  metres 
higher  than  the  others  ;  but  he  was  arrested  by  rocks  as  they  had  been, 
and  could  not  get  beyond  this  limit,  which  was  then  the  most  elerated 
point  ever  attained  by  man  on  mountains. 

"  The  accounts  of  these  famous  travellers  had  deprived  us  of  all  hope 
of  reaching  a  height  so  considerable,  but,  after  having  observed  the  saowj 
and  rounded  summit  of  Chiraborazo  from  Guyaquil,  we  could  not  help 
thinking  that  it  was  accessible  from  some  point  or  other.  M.  Brencbkr 
and  myself  were  thus  led  to  form  the  design  of  attempting  a  third  ascent. 

'*  On  the  21st  July  18.36,  as  we  crossed  the  plateau  of  the  Andes  on  our 
way  to  Quito,  we  halted  at  the  foot  of  this  stupendous  mountain.  ^Ve 
employed  two  days  in  studying  its  outlines  from  a  distance,  with  the  view 
of  discovering  any  peculiar  places  on  the  surface  of  its  gigantic  dome  which 
might  afford  us  a  passage. 

"  The  route  followed  by  M.M.  Humboldt  and  Boussinganlt,  seemed  to 
ns  at  first  to  be  greatly  the  most  easy  and  desirable  on  account  of  its  re- 
gular declivity  ;  but  the  barrier  of  rocks,  which  we  readily  distinguished, 
presented  no  outlet  to  the  eye.  When  we  had  made  nearly  the  entire 
circuit  of  this  mighty  mountain,  and  without  success,  we  resumed  our 
journey  towards  Quito,  reserving  the  execution  of  our  plan  till  we 
should  be  better  fortified  against  the  rigorous  climate  of  the  higher  Cor- 
dilleras. 

"  Afler  visiting  Pichincha,  Cotopaxi,  and  other  giants  of  the  Andes,  ve 
again  found  ourselves,  on  the  2d  of  November,  at  the  foot  of  Chimborazo. 
We  pitched  our  camp  at  a  height  of  4700  metres,  a  little  below  the  lin« 
of  perpetual  snow,  in  a  valley  between  Arenal  and  the  point  where  the 
Riobamba  route  separates  from  that  of  Quito.  We  intended  to  spend  the 
following  day  in  collecting  plants  and  hunting  deer  and  birds,  endeavour- 
ing, at  the  same  time,  to  determine  beforehand  the  places  which  migi  t 
afford  us  the  most  easy  access  to  the  summit. 

"  We  took  up  our  quarters  under  a  huge  inclined  rock,  which  aflbrded 
us  sufficient  protection  against  the  north-west  wind,  but  gave  us  no  shel' 
ter  in  the  event  of  rain.  Rain  had  fallen  in  the  afternoon.  The  weather 
cleared  at  night-fall,  the  sky  became  sprinkled  with  myriads  of  stars,  and 
Chimborazo  was  delineated,  in  all  its  splendour,  on  the  azure  and  spark- 
ling vault  of  the  firmament. 

'*  On  the  morning  of  the  3d  November,  at  ^y^  o^clock,  when  day  bad 
not  yet  dawned  in  the  equinoctial  regions,  we  left  our  camp  in  charge  of 
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our  people,  and  departed  on  our  exploring  expedition,  carrying  with  na  a 
oofTee-pot,  two  thermometers,  a  compass,  matches,  and  tobacco.  A  steep 
hill,  sandj  and  rough  with  pebbles,  which  separated  us  from  the  perpe- 
tual snow,  occasioned  us  so  much  fatigue  at  our  outset,  that  two  of  the 
natives  who  accompanied  us  became  discouraged  and  turned  back. 

*<  When  we  had  surmounted  this  hill,  we  descended  on  some  soft  sand  to 
the  bottom  of  a  vallej,  which  we  followed,  and  from  the  extremitj  of 
which,  we  distinguished  Tery  clearly  the  summit  of  the  mountain,  entirely 
free  from  snow. 

.  ''  After  walking  half  an  hour  on  the  snow,  vegetation  suddenly  ceased, 
and  we  saw  no  other  living  thing  but  two  large  partridges,  and  on  the 
x^ocks  a  few  lichens  of  the  families  Idiothalamus  and  Hymenothalamus. 
At  this  point  of  our  ascent  we  collected  some  dry  branches  of  chuquiragua, 
and  made  a  bundle  of  them  which  we  tied  to  our  backs.  We  had  still  to 
scale  an  immense  rock  of  trachyte,  from  the  top  of  which  the  summit  of 
Chimborazo  appeared  to  us  so  near,  that  we  thought  we  could  reach  it  in 
half  an  hour. 

**  Our  ascent  was  so  rapid,  that  we  were  soon  obliged,  from  fatigue,  to 
make  frequent  stoppages  to  recover  our  breath.  Thirst  also  began  to  be 
severely  felt,  and  in  order  to  moderate  it,  we  almost  always  kept  snow  in 
our  mouths.  But  we  felt  no  symptoms  of  illness  or  any  morbid  affection, 
such  as  is  spoken  of  by  the  majority  of  travellers  who  have  ascended  high 
mountains. 

'^  After  halting  a  few  seconds,  without  even  seating  ourselves,  we  again 
started  not  only  with  renewed  ardour,  but  even  a  kind  of  furious  deter* 
mination  inspired  by  so  near  a  view  of  the  summit.  It  appeared  evident 
to  us,  by  this  new  instance  confirming  so  niaiiy  previous  ones,  that  at 
these  heights  the  atmospheric  column  is  still  sufficient  to  prevent  any  im- 
pediment to  respiration,  and  that  the  shortness  of  breath  and  organic  affec- 
tions which  are  so  generally  complained  of  at  considerable  elevations, 
must  be  ascribed  'to  some  other  cause. 

'^  Always  rapidly  ascending,  we  now  began  to  overlook  the  peaks  of  the 
Cordilleras,  and  to  discover  a  distance  furnished  with  immense  valleys, 
when  some  light  vapours,  which  at  first  appeared  only  like  spiders  webs 
on  the  sides  of  the  mountains,  soon  began  to  detach  themselves  in  the 
form  of  white  flakes,  stretching  nearer  and  nearer  to  each  other,  till  they 
at  last  arranged  themselves  like  a  girdle  along  the  horizon. 

'•*'  All  of  a  sudden,  about  eight  o'clock,  this  curtain  enlarged  itself,  and 
approached  Chimborazo ;  then  in  a  few  minutes,  it  mounted  to  us,  thin  at 
first,  but  becoming  perceptibly  more  dense.  We  no  longer  could  per- 
ceive the  summit.  We  continued,  however,  to  mount  upwards,  enticed 
by  the  hope  of  attaining  our  object  much  more  easily  than  we  had  sup- 
posed on  leaving  our  encampment. 

'*  The  fog  continued  to  increase  ;  we  could  not  see  twentv  paces  from 
us.  At  half- past  nine,  it  had  become  so  thick  that  it  was  almost  as  dark 
as  night  at  the  distance  of  a  few  metres.  Confident  of  finding  our  foot- 
steps again  to  guide  our  descent,  we  travelled  on  with  additional  stubborn- 
ness ;  but  we  had  every  moment  to  examine  the  compass,  in  order  to  avoid 
a  precipice  which  we  had  left  on  our  right  before  reaching  the  terminal  de- 
pression  by  which  we  resolved  to  gain  the  summit. 

^*-  It  seemed  to  us  that  the  declivity  became  less  steep,  we  breathed  more 
freely,  and  walked  with  less  effort.  Some  dull  detonations  began  at  in« 
tervals  to  be  heard  in  the  distance.  At  first  we  ascribed  them  to  the  ex- 
plosions of  Cotopaxi ;  but  soon  reverberating  peals,  such  as  are  heard  only 
in  the  vicinity  of  the  equator,  convinced  us  mat  thunder  was  rollmg  in  the 
lower  regions.  A  terrible  storm  was  in  preparation. 
•  "  In  the  fear  that  the  hail  or  snow  would  efface  the  marks  of  our  feet; 
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and  thereby  expose  as  to  the  risk  of  losing  ourselves  in  the  descent, 
determined,  with  regret,  to  halt  for  a  while.  We  hastened  to  kindle  oar 
ciiuquirogua  wood,  in  order  to  melt  the  snow  in  our  ooffiae-pot.  At  ten 
o'clock,  the  thermometer  which,  at  five  feet  abore  the  snow,  indicated  1*7* 
was  plunged  in  boiling  water  where  the  mercury  stood  at  77'5. 

"  At  fiye  minutes  past  ten,  our  obserrations  terminated,  and  we  began 
to  descend  with  giant  strides  in  order  to  regain  our  encampment  as  speedilj 
as  possible.  Wt»  arrived  there  in  the  midst  of  the  thick  fog  abont  an  hour 
after  noon.  The  thunder  rolled  almost  without  interruption,  the  flashes 
of  lightning  describing  daxzling  zigzags  aiomid  ns,  never  seen  elsewhere 
so  distinctly  defined  except  in  pictures. 

"  About  three  o*clock,  a  feariul  tempest  of  rain,  hail,  and  wind  assailed 
us  under  our  rock.  It  continued  throughout  a  part  of  the  night  with  a 
fury  which  seemed  as  if  it  could  never  be  alla^^.  We  were  literally 
lying  in  water.  On  the  morrow,  at  day  break,  our  eyes  rested  everywhere 
on  a  vast  field  of  hail. 

'*  Certain  indications  of  another  tempest  made  us  abandon  the  idea  of 
trying  aguin  the  ascent  of  Chimborazo,  which  we  henceforth  regarded  as 

?|uite  impracticable.  We  made  all  haste  to  break  up  our  camp  and  make 
or  Guaranda,  where  we  arrived  about  three  o'clock,  travelling  through  a 
cold  and  dense  fog,  which  prevented  ns  for  that  day  admiring  one  of  the 
most  beautiful  views  in  the  world. 

''  When  we  calculated  our  observations,  we  were  not  a  little  snrprised 
to  find  that  we  had  reached  the  summit  of  Chimborazo  without  being 
aware  of  it.  According  to  personal  researches,  made  at  first  in  the  Ar- 
chi^>elago  of  Hawaii,  and  afterwards  repeated  among  the  Cordilleras  of  the 
equator,  the  co-efflcient  of  the  sum  of  degrees  or  fractions  of  a  degree  in 
the  centigrade  thermometer,  reckoning  between  the  point  to  which  the 
mercury  rises  when  the  instrument  is  immersed  in  boiling  water,  and  the 
boiling  point  of  water  at  the  level  of  the  sea,  is  found  to  be  290*8 ;  that 
is  to  say,  each  degree  below  100  indicates  a  difference  of  level  equal  to 
290*8  metres,  or  about  29  metres  for  the  tenth  of  a  degree,  hence  the  for- 
mula 

a?  =  (100 -B)  (290-8) 

which  gives  us  6543  metres  for  the  absolute  vertical  height  we  had  reached 
on  Chimborazo.  This  figure  places  us  quite  on  the  summit,  the  altitude 
of  which,  above  the  sea  level,  according  to  Humboldt*s  triangnlationa,  is 
65-14:  metres.  But  whatever  degree  of  confidence  may  be  conceded  to  our 
calculations,  the  unquestionable  fact  resulting  from  our  ascent  is,  that  the 
summit  of  Chimborazo  is  accessible  I ! 

On  the  Early  Stages  of  Inflammation,  By  Joseph  Lister,  Esq., 
F.R.C.S.,  Eng.  and  £din..  Assistant  Surgeon  to  the  Royal  Infirmary 
of  Edinburgh.  In  this  communication  the  author  gives  an  account  of  an 
investigation  with  which  he  has  been  recently  occupied,  into  the  process 
of  inflammation  in  the  frog's  foot. 

The  first  section  of  the  paper  is  devoted  to  the  discussion  of  the  aggre- 
gation of  the  corpuscles  of  the  blood «  It  is  shown  by  the  author  that  the 
rouleaux  "  are  simply  the  result  of  the  disk-form  of  the  corpuscles,  to* 
gether  with  a  certain,  though  slight  degree  of  adhesiveness,  which  retains 
them  pretty  firmly  attached  together  when  in  the  position  most  favourable 
for  its  operation,  namely  when  fiat  surface  is  applied  to  flat  surface,  but 
otherwise  allows  them  to  slip  verv  readily  upon  one  another."  The  ag- 
gregating tendency  of  the  red  disks  is  thus  regarded  as  a  phenomenon 
'similar  in  kind,  though  inferior  in  degree  to  the  well-known  adhesiveness 
of  the  white  corpuscles.   It  is  further  shown,  from  numerous  ezperimeDts* 
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that  tbe  re.)  oorpusdes  yary  remarkably  in  adhesiT^neBS,  in  oonaequenoo 
of  changes  in  physical  circumstances,  or  rery  slijzht  chemical  action. 
Section  II.  is  on  the  stmctore  and  functions  of  the  blood-yessels. 
Allusion  is  made  to  a  paper  by  the  author,  which  will  shortly  appear 
in  the  ^*  Transactions  of  tne  Royal  Society  of  Edinburgh/'  where  he  has 
recorded  the  obserration,  that  in  the  smallest  arteries  of  the  web  of  the 
frog's  foot,  the  middle  coat  is  composed  of  muscular  fibre  cells  wrapped 
spirally  round  the  internal  membrane.  The  parietes  of  the  minute 
arteries  are  thus  provided  with  a  most  efficient  mechanism  for  dimi- 
nution of  calibre,  and  contrast  in  this  respect  very  strikingly  with  the 
delicate  nucleated  membrane  which  constitutes  the  wall  of  a  capillary. 
The  functions  of  the  two  sets  of  vessels  are  described  as  being  in  harmony 
with  these  differences  in  structure ;  the  arteries  being  specially  charac- 
terized by  contractility,  while  the  capillaries  exhibit  only  such  changes  of 
calibre  as  are  explained  by  elasticity. 

The  thinness  of  the  capillary  wall  is  believed  to  favour  the  mutual 
interchanges  between  the  blood  and  the  tissues,  but  the  consideration  of 
some  facts  of  physiology  leads  the  author  to  the  conclusion,  that  notwith- 
standing the  distending  force  of  the  current  of  blood,  the  liquor  sanguinis 
is  not  effused  as  a  whole  among  the  tissues  in  the  state  of  health  ;  and 
this  is  thought  to  imply  that  there  subsists  a  mutual  repulsion  between 
the  materials  of  the  capillary  wall  and  the  elements  of  the  liquor  san- 
guinis, preventing  the  passage  of  the  latter  into  the  pores  of  the  former, 
except  in  so  far  as  they  are  attracted  by  the  tissues  for  the  purposes  of 
nutrition. 

The  heart  is  believed  by  the  author  to  be  the  sole  cause  of  the  cir- 
culation of  the  blood  in  the  frog's  foot,  and  it  is  proved  experimentally 
that  other  sources  of  movement  cannot  have  more  than  a  very  trivial 
influence,  and  that  their  cessation,  supposing  them  to  exist  at  all,  does 
not  give  rise  to  arrest  of  the  blood  or  accumulation  of  corpuscles  in  the 
capillaries. 

Distinct  evidences  of  muscularity  and  contractility  have  been  detected 
in  the  veins  of  the  frog*s  foot,  but  compared  with  the  arteries,  the  veins 
show  very  little  spontaneous  contraction. 

Eegarding  the  influence  of  changes  in  arterial  calibre  upon  the  blood 
in  the  capillaries,  the  author  is  led  to  conclude  that  '*  the  arteries  regulate 
by  their  contractility  the  amount  of  blood  transmitted  in  a  given  timie 
through  the  capillaries,  but  neither  full  dilatation,  extreme  constriction, 
nor  any  intermediate  state  of  the  former,  is  capable  per  se  of  inducing 
accumulation  of  corpuscles  in  the  latter.*' 

The  influence  of  the  nervous  system  upon  the  arteries  has  formed  the 
subject  of  a  special  experimental  inquiry,  the  results  of  which  are  given 
in  a  supplement  to  the  paper.  It  is  there  shown  that  the  contractions  of 
the  arteries  of  the  frog's  web  are  regulated  by  a  part  of  the  spinal  cord, 
the  irritation  of  which  induces  complete  constriction  of  the  vessels,  while 
its  destruction  is  followed  by  permanent  dilatation.  Neither  stimulation 
nor  removal  of  the  nervous  centre  for  the  arteries  produces  any  percep- 
tible change  in  the  quality  of  the  blood,  as  respects  adhesiveness  of  its 
corpuscles  or  otherwise. 

Section  III.,  ^*  on  the  effects  of  irritants  upon  the  circulation  in  the 
frog's  web,'*  commences  with  an  account  of  some  experiments  performed 
with  tepid  water  applied  for  a  brief  period  to  the  foot.  Tnis  agent, 
which  was  selected  as  the  mildest  possible  stimulant,  produces  in  a  very 
beautiful  manner  constriction  of  the  arteries,  followed  by  dilatation,  with 
corresponding  changes  in  the  amount  of  blood  transmitted  through  the 
capillaries,  as  explained  at  the  dose  of  Section  IL  When,  however,  such 
experiments  were  frequently  repeated  upon  the  same  animal,  and  espe^ 
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mHj  if  the  lemperataTe  of  th«  water  wm  more  elemXed^  efeete  of  a  dif- 
ferent kind  began  to  ahow  themselves ;  the  oon>iucles  of  the  blood  ezpe- 
perieneing  obstruetion  to  their  progroM  even  while  the  arteries  were  follj 
dilated^  and  the  yessels  consequently  in  the  state  moat  &Toiirable,  so  fkr 
as  their  calibre  was  concerned,  for  transmitting  the  eorrent  of  blood.  If 
the  irritation  was  still  continued,  the  minute  vessels  became  eholted  wiiji 
closely  packed  corpuscles. 

Subsequent  experiments,  with  a  variety  of  other  irritatiiig  sgects. 
showed  that  the  corpuscles,  both  red  and  white,  were  obetroetad  in  theix 
progress  through  the  irritated  part,  in  consequence  of  their  tfimding  to 
adhere  in  an  abnormal  degree  to  one  another,  and  to  the  walls  of  th« 
vessels.  The  effects  upon  the  blood  were  always  similar,  although  the 
moans  employed  to  produce  irritation  were  exceedingly  various,  socb  is 
solutions  of  salts,  mustard,  essential  oils,  chloroform,  heat,  galvanic  shock, 
mechanical  violence,  6:c, 

The  irritant  was  generally  so  applied  as  to  act  only  upon  a  small  area  of 
one  of  the  webs,  and  it  was  found  that  the  abnormal  adhesiveness  of  the  blood- 
corpuscles  was  in  the  first  instance  always  precisely  limited  to  the  sjot 
which  had  been  thus  acted  on,  though  it  frequently  extended  afterwards 
more  or  less  to  surrounding  parts.  At  the  same  time  the  vessels  of  tb^ 
irrituted  spot  did  not  differ  materially  in  calibre  from  those  in  its  vicinitT 
which  particij/ated  in  the  arterial  dilatation  induced  by  the  stimulus.  The 
exact  correspi)ndence  between  the  extent  of  the  irritant  application,  and 
that  of  the  effect  upon  the  blood,  showed  that  the  latter  must  be  due  to 
direct  action  either  upon  the  blood  itself  or  the  tissues  of  the  web.  That 
it  W.1S  not  the  result  of  direct  action  upon  the  blood,  was  evident  from 
the  two  following'  considerations.  In  the  first  place,  most  of  the  agents 
employed  to  cause  irritation,  when  applied  to  freshly  drawn  blood,  either 
had  no  effect  upon  the  corpuscles,  or  destroyed  instead  of  increasing  their 
adhesiveness.  Secondly,  if  employed  so  as  to  act  mildly  on  the  web,  tbej 
induced  an  abnormal  condition  of  the  blood,  short  of  actual  stagnation 
though  very  apparent,  namely,  slow  movement  of  numerous  and  adhere 
corpuscles  ;  and  this  state  of  things  might  last,  although  the  time  of 
operation  of  the  irritant  was  often  limited  to  a  few  seconds,  or  even  a  still 
briefer  period.  Long  after  all  the  blood  which  could  possibly  have  been 
directly  acted  on  had  left  the  vessels  of  the  part,  successive  fresh  portions 
continued  to  experience  precisely  similar  changes  in  passing  through  the 
irritated  area.  Hence  the  author  considers  the  conclusion  to  be  inevitable, 
*'  that  the  tissues,  as  distinguished  from  changes  of  calibre  in  the  blood- 
vessels,  are  the  primary  seat  of  inflammation,  and  that  the  effects  on  the 
blood  are  secondary  results  of  such  derangement." 

The  remarkable  fact  discovered  by  Dr  H.  Weber  of  Giesaen,  but  ob- 
served independently  by  the  author,  that  accumulation  of  oorposcles 
occurs  in  the  vessels  of  a  part  irritated,  after  cireulation  has  been  arrested 
by  a  tight  ligature  round  the  thigh,  furnished  the  opportunity  for  careful 
comparison  between  the  conditions  of  blood  in  healthy  and  irritated  parts 
uncomplicated  by  the  effects  of  rapid  movement.  A  series  of  experiments 
conducted  in  this  way  confirmed  the  conclusion  previously  arrived  at,  that 
the  accumulation  of  the  blood-corpuscles  was  simply  the  result  of  their 
abnormal  adhesiveness.  At  the  same  time  these  experiments  brought 
out  the  remarkable  fact,  that  mere  quiescence  of  the  blood  does  not  give 
rise  to  aggregation  of  the  red  corpuscles  within  the  vessels,  unless  the 
tissues  are  in  an  unhealthy  condition  in  consequence  of  irritation.  It 
fhrther  appeared  that  the  corpuscles  never  exhibit  greater  adhesiveness 
within  the  vessels  of  an  inflamed  part,  than  do  those  of  blood  from  a 
healthy  part  when  drawn  from  the  body.  Also,  the  well-known  adhesiYe- 
ness  of  ttke  white  oorpuadet  within  the  vessel  <k>es.nof  oooor  aoooiding  to 
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the  tntlior,  unless  some  decree  of  imtation  is  present,  and  neyer  exceeds 
that  wliich  is  always  seen  in  Uood  outside  the  bodj.  Henoe  the  infer- 
ence is  drawn,  that  the  tissues  of  a  healthy  part  exert  an  influence  on  the 
blood  in  their  yicinity.  by  means  of  which  the  corpuscles,  both  red  and 
white,  are  preseryed  nree  from  adhesiveness ;  but  that  in  an  inflamed 
part  this  influence  is  more  or  less  in  abeyance. 

This  Tiew  has  been  confirmed  by  observations  made  on  the  wing  of 
the  bat. 

Also  the  comparison  of  drops  of  blood  from  healthy  and  inflamed  parts 
in  the  human  object  showed,  that  so  soon  as  the  blood  was  withdrawn 
from  the  Tesaels,  the  corpuscles  of  the  former  presented  precisely  the 
same  d^ree  of  adhesiveness  as  those  of  the  latter. 

At  the  commencement  of  Section  IV.,  *^  on  the  state  of  the  tissues  in 
Inflammation,"  it  is  stated  that  ^^  the  conclusion  arrived  at  in  the  latter 
part  of  the  last  Section,  that  blood  flowing  through  an  inflamed  part  be- 
naves  itself  in  the  same  way  as  when  separated  from  the  living  bod^, 
naturally  leads  to  us  infer  that  the  tissues  of  the  inflamed  part  are  in 
some  degree  approximated  to  the  condition  of  dead  matter,  or,  in  other 
words,  have  sufibred  a  diminution  of  power  to  discharge *the  oflices 
peculiar  to  them  as  components  of  the  healthy  animal  frame.  This  in- 
ference is  strongly  supported  by  considering  what  common  effect  is  likely 
to  be  produced  upon  tne  tissues  of  the  frog's  web,  by  all  the  various  agents 
known  to  cause  inflammatory  disturbance  of  the  circulation."  It  is  then 
pointed  out  that  all  these  agents,  though  differing  greatly  in  their  nature, 
agree  in  their  tendency  to  inflict  a  lesion  on  the  part  to  which  they  are 
applied,  and  impair  the  functional  activity  of  the  tissues.  ^^  But  strong 
as  are  the  arguments  thus  obtained  by  inference,  it  would  be  very  desir- 
able to  confirm  them  by  direct  observation  of  the  tissues.  It  fortunately 
happens  that  the  pigmentary  system  of  the  frog  is  a  tissue  which,  from 
its  peculiar  form  and  colour,  is  very  apparent  to  the  eye,  so  that  it  is  easy 
to  trace  the  remarkably  active  functions  with  which  it  is  endowed,  and 
their  modifications  under  the  influence  of  irritation." 

The  author  then  mentions  the  circumstances  which  led  him  to  notice 
that  the  dark  pigment  of  the  frog  presents  remarkable  differences  oi'  ap- 
pearance at  different  times  in  one  and  the  same  animal ;  each  dark  patch 
being  sometimes  of  stellate  figure  with  minutely  ramifying  rays,  at  other 
times  in  the  form  of  a  smsul  rounded  spot.  These  chauiges  had  been 
before  observed  by  some  German  writers,  who  attributed  the  rounded 
form  to  contraction  of  the  branching  rays  of  a  stellate  cell.  This,  how- 
ever, the  author  finds  to  be  erroneous,  and  in  a  supplementary  section 
**  on  the  anatomy  and  physiology  of  the  pigmentary  system  of  the  frog," 
shows  that  the  cells  never  change  in  form  or  size,  but  that  the  pigment- 
granules  which  are  suspended  in  a  colourless  fluid  are  capable  of  being, 
on  the  one  hand,  attracted  by  a  central  force  into  a  small  space  in  the 
body  of  the  cell,  and,  on  the  other  hand,  dispersed  by  a  repulsive  power 
into  the  minutest  recesses  of  the  ramifying  rays.  Both  concentration  and 
diflbsioif  of  the  pigment  may  fake  place  with  great  rapidity,  implying 
remarkable  energy  in  the  attractive  and  repulsive  forces,  both  of  which 
appear  to  reside  m  a  nucleus.  The  supplementary  section  concludes  with 
some  remarks  on  the  physiological  importance  of  the  actual  observation 
of  such  attractions  and  repulsions  in  one  of  the  animal  tissues. 

This  paper  continues  with  an  account  ef  an  experimental  investigation 
into  the  eiiects  of  irritants  upon  this  Unction  of  the  pigmentary  system. 
Many  experiments  are  related,  all  tending  to  support  the  general  proposi- 
tion, that  "  all  agents,  without  any  exception,  which  have  the  power  of  in- 
ducing accumulation  of  corpuscles  and  stagnation  in  the  blood-vessels  when 
applied  to  the  web,  paralyse  at  the  same  time  the  functions  of  the  pig- 
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ment-^ells.*'  It  it  also  stiown,  from  experiments  upon  amputated  Ha^ 
free  from  blood,  that  this  effect  is  independent  of  the  state  of  the  (Mi- 
tion.  In  cases  of  slight  irritation  in  which  the  blood  resumes,  after  t  ▼&>, 
its  natural  characters  (re-solntion  taking  place),  the  paralysis  of  tk  piz- 
ment"0ells  is  only  temporazy.  ^*  Thus  the  pigmentary  sjstem  of  ibe 
frog  is  a  remarublj  sensitiye  index  of  the  condition  of  the  affeeti^e 
tissue,  and  it  is  fortunate  that  its  physical  characters  render  it  so  easr  to 

read  its  pointings The  only  other  tissue  of  the  frog's  web,  ii:« 

factions  of  which  can  be  observed  by  the  eye,  is  that  of  the  arteml  muv 
eular  fibre  cells,"  and  it  is  found  that  arteries  passing  through  an  isflamri 
area  lose  their  power  of  contraction  within  the  limits  of  that  area«  wb€n4« 
the  same  vessels  may  be  often  seen  to  contract  in  other  parts  of  the:: 
course. 

^  Thus,  direct  observation  of  the  structures  of  the  frog's  web  which  db- 
eharge  functions  apparent  to  the  eye,  furnishes  unequivocal  support  *^ 
the  inference  derived  from  other  considerations,  that  in  infiammstion  t^r 
tissues  of  the  part,  the  primary  seat  of  the  affection,  are  in  a  state  of  di- 
minished functional  activity.'* 

The  ^*  conclusion"  consists  of  an  inquiry  how  fieiT  the  views  expre^^ 
in  the  paper  regarding  the  early  stages  of  inflammation  harmonise  vhli 
the  more  advanced  phenomena  of  the  morbid  process  and  with  other  faes 
of  pathology.— (Proctf^dtn^^  of  the  Royal  Society.) 

Oold  in  British  Ouiana. — Considerable  excitement  has  been  csosr^ 
here  by  the  arrival  of  a  vessel  from  the  Spanish  Main,  bringing  iettcn. 
and  also  a  copy  of  the  Guayana  Gazette^  containing  extraordiDsiy  R- 
ports  of  the  discovery  of  a  new  gold  field  about  90  miles  from  Upata,  wben 
it  will  be  recollected  that  about  three  or  four  years  ago  a  large  qusotitr 
of  gold  was  taken  from  the  river.  One  of  these  letters  states  that  near!; 
all  the  clerks  and  labourers  are  leaving  Cuidad  Bolivar  (Angostura)  fi*? 
the  new  mines  which  are  at  a  place  called  Tupugun.  The  river  steamers 
had  been  obliged  to  cease  working,  in  consequence  of  all  their  hands  bal- 
ing left  and  started  for  the  gold  fields.  The  average  find  is  two  ounet^ 
per  day  for  each  man  ;  but  there  have  been  instances  where  much  larger 
quantities  have  been  taken  ;  as  much  as  twenty-four  ounces  having  has 
found  in  between  seven  and  eight  hours ;  and  two  men  who  were  workic^ 
at  the  same  time  obtained  forty-four  ounces. 

This  gold  field  is  said  to  be  within  the  British  territory  of  Britisi 
Guiana,  according  to  the  line  ran  some  years  since  by  Sir  Robert  Schi  u- 
burgh,  by  order  of  the  British  Government.  The  gold  lies  at  a  depth  o: 
between  five  and  six  feet  from  the  surface.  Large  orders  have  been  re- 
ceived here  for  pick-axes,  shovels,  and  other  implements  for  digging.— 
{Port  of  Spain  Gazette,  May  9, 1857.) 

Maanetism, — ^Professor  Hansteen  of  Christiania,  the  eminent  Ma^:- 
netical  Philosopher,  has  presented  a  memoir  to  the  Swedish  Acadeniy. 

S roving,  from  his  own  observations,  that  the  magnetic  dip  partakes  of  in^ 
aily,  annual,  and  eleven -yearly  periodic  changes  (the  last  coinciding 
with  Schwabe's  period  of  the  solar  spots),  which  have  been  already 
detected  in  the  other  magnetic  elements.  The  same  distinguishia 
philosopher  (who  is  now  in  his  73d  year)  expects  soon  to  complete  the 
reduction  and  publication  of  the  magnetical  results  of  his  Siberiiui 
journey  in  the  years  1828-30,  which  have  been  so  long  desired  bj  the 
scientific  world. 
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